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This report is a result of work performed by Geodata International, Inc., through a Bendix
Field Engineering Corporation Subcontract, as part of the National Uranium Resource
Evaluation. NURE is a program of the U.S. Department of Energy's Grand Junction,
Colorado, Office to acquire and compile geologic and other information with which to assess
the magnitude and distribution of uranium resources and to determine areas favorable for
the occurrence of uranium in the United States.

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor an y of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring b y the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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ABSTRACT

The results of analyses of the airborne gamma radiation and total

magnetic field survey flown for the region identified as the

Sonora National Topographic Map NH14-4 is presented in this report. The

airborne data gathered is reduced by ground computer facilities to yield

profile plots of the basic uranium, thorium and potassium equivalent

gamma radiation intensities, ratios of these intensities, aircraft

altitude above the earth's surface, total gamma ray and earth's magnetic

field intensity, correlated as a function of geologic units. The

distribution of data within each geologic unit, fos all surveyed map

lines and tie lines, has been calculated and is included. Two sets of

profiled data for each line are included, with one set displaying the

above-cited data. The second set includes only flight line magnetic

field, temperature, pressure, altitude data plus magnetic field data as

measured at a base station. A general description of the area, in-

cluding descriptions of the various geologic units and the corresponding

airborne data, is included also.
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SECTION I.

INTRODUCTION

A. SURVEY AREA

Geodata International, Inc., Dallas, Texas, conducted an airborne
gamma ray and total magnetic field survey for the Sonora National
Topographic Map Sheet as outlined in Figure I.1. This survey was
performed from a fixed-wing aircraft, using a computer-controlled,
large-volume radiation detector system to detect the gamma radiation
flux emanating from the surface materials. Each map line was flown
in an east-west direction with line lengths of 120.0 miles; each
tie line was flown in a north-south direction with line lengths of
69.0 miles. Map lines and tie lines are located as shown in Figure
II.1.

Sections I through IV of this report present information and
results associated with this specific survey. Section V gives the
data acquisition and the processing procedures which are generally
applicable to any survey flown with the equipment described.

B. SUMMARY of MAP LOCATION, GEOLOGY and PHYSIOGRAPHY

The Sonora map sheet area (Figure 1.2) represents a portion of
westcentral Texas which is bounded by latitudes 30000' to 31000'
north and longitudes 100000' to 102000' west. The map region lies
within the Edwards Plateau section of the Great Plains physio-
graphic province and as such is characterized by a young plateau
which exposes Cretaceous deposits. The plateau typically has a
mature margin of moderate-to-strong relief. Quaternary-aged rock
comprises approximately 15% of the surveyed area, and Permian
exposures are restricted to rivercuts.
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SECTION II.

FLIGHT OPERATIONS

A. SURVEY TIME SUMMARY

The Sonora map sheet was flown between February 20 and March 29,
1980. A detailed list of dates flown and lines flown on those
dates, as well as average altitude and speed for those dates,
appears in Appendix I.A.

B. LINE COORDINATE LOCATION

Doppler navigation system data have been used to locate the posi-
tions of the flight lines. These lines are positioned and verified
by point locations, determined by visual sighting by the navigator
or photographic recovery, and corresponding record numbers dis-
played by the on-board computer. The data are then plotted as
solid lines with ticks every ten records, circles every fifty
records, and record numbers every one hundred records. Record
numbers and circles also appear at the end of each line. The
points used for location reference (at least every 10 miles) are
marked with an "X". The flight base is then photographed with the
geologic base map to produce the composite map in Figure II.1.

C. TEST LINES

When conditions allow, two five-mile test lines are flown, one at
the beginning of the day and one at the end of the day, over the
same base. The data are used to check the repeatability of the
system's measurements, and are presented in Appendix I.B.

D. MAGNETIC DIURNAL CORRECTION - BASE STATION

A base station magnetometer is set up in the area to acquire data
pertaining to the diurnal changes in the magnetic field. These
data are analyzed to evaluate a diurnal correction to the magnetic
data obtained by the aircraft. A list of these corrections appears
in Appendix I.C.

E. ALTITUDE AND GROUND SPEED SUMMARY

The average altitude and ground speed for each line is determined.
A list by date appears in Appendix I.A, and is discussed in Section
II.A. A list by flight line is given in Appendix I.E.
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SECTION III.

GEOLOGY of the SURVEYED AREA

A. LOCATION and GENERAL PHYSIOGRAPHY

The aerial radiometric and magnetic survey was conducted over a
portion of westcentral Texas. The Sonora National Topographic Map
Sheet (N.T.M.S., 1954) area is bounded by longitudes 100000' to
102000' west and latitudes 30000' to 31000' north. The map region
includes all or portions of Crockett, Edwards, Kimble, Menard,
Pecos, Schleicher, Sutton, Terrell and Val Verde counties.

The Sonora map sheet area is located within the Edwards Plateau
section of the Great Plains physiographic province. The region is
characterized by a young plateau which exposes Cretaceous-aged
chemical deposits. The plateau generally has a mature margin of
moderate-to-strong relief (Fenneman, 1931).

The Pecos and Devils rivers are the largest fluvial elements in the
Sonora map area. There are several minor intermittent streams
which also drain the region.

B. GEOLOGY

The depositional and structural history of the Sonora map sheet
area (Figure 1.2) is reported by Sellards et.al. (1932), Moon
(1953), Fowler (1957), Wilson and Majewske (1960), Freeman (1968),
and Bay (1977). These data are summarized in the following.

Paleozoic Era

The oldest rocks in the Sonora map area are exposed along river-
cuts. Prior to deposition of these Permian-aged units, a major
geosyncline reportedly formed (Young, 1968) during Early Pennsyl-
vanian time, and rapidly filled with clastics from a southern
source which was synchronously uplifting. Folding and faulting of
the "trough" sediments followed during the Pennsylvanian, contem-
poraneous with the formation of the major uplifts and basins of the
foreland area of west Texas.

At the beginning of the Permian Period, orogenic activity recurred
along the Marathon belt in the southern border of the map area, and
the Val Verde geosyncline, which includes the southwestern half of
the map sheet, deepened considerably.

Sand was deposited to the south and closer to the source, while
shales and limestones formed in the map sheet area. A major
overthrust affected the Val Verde geosynclinal area subsequent to

deposition. The region became relatively stable at the close of
the Paleozoic Era.

Mesozoic Era

Triassic and Jurassic exposures are absent from the Sonora map
area. The rock record for the Mesozoic begins with the Lower
Cretaceous Antlers and Hensell sands. These clastic sediments,
along with the overlying chemical deposits of the Edwards Lime-
stone, comprise a simple transgressive series which was deposited
in a basin gradually subsiding to the southeast (Fowler, 1957).

The depositional environment during Early Cretaceous time was
generally marine, shallow-shelf, with a fluctuating water level.
Chemical deposition was interrupted by introduction of the fine-
grained clastics of the Del Rio Clay.

After deposition of the Del Rio Clay and prior to deposition of the
Buda Limestone, broad, gentle folding produced the Terrell Arch.
This structural feature trends through the Sonora map area. It was
reportedly responsible for post-Del Rio sedimentation, supplying
clastics to the depositional basin.

Cenozoic Era

According to Freeman (1968), it is very probable, though not
demonstrable, that regional movements continued to occur during
later Cretaceous and almost all of Tertiary time. The relatively
few faults in the map area affect units as young as the Upper
Cretaceous Boquillas Flags Formation. Terrestrial deposition, in
the form of fluvial and alluvial sedimentation, has been active
since the Late Tertiary-Early Quaternary.

C. DESCRIPTION of GEOLOGIC MAP UNITS

The following brief descriptions of outcropping units in the Sonora
map sheet area (Figure I.2) are given, based on descriptions from
Sellards, et.al. (1932) and the Army Map Service (1980).

Cenozoic Era

Quaternary

Qal: Alluvium

Floodplain deposits. This unit includes low terrace deposits near
floodplain level and bedrock that is localized in stream channels;
gravel, sand, silt, clay, and organic matter.

Qu: Quaternary Deposits, Undivided

Includes alluvial fan deposits, colluvium, caliche, and alluvium.
The alluvial fan deposits merge with colluvium and alluvium. They
are caliche-cemented, poorly sorted, and contain angular to rounded
rock fragments of locally derived material. The caliche also forms
partly-alluviated flats, and is predominantly covered by soil.

Qt: Fluviatile Terrace Deposits

Gravel, sand, silt and clay.

Qp: Playa Deposits

This deposit is comprised of clay and silt that is sandy, light-
grey in color, and is found in shallow depressions. The deposits
are typically covered by a thin layer of Recent sediment.

Terti ary-Quaternary

T-Qu: Uvalde Gravel

Caliche-cemented gravel. Some boulders in the gravel are up to 1
foot in diameter. Well-rounded pebbles and cobbles of chert, along
with some cobbles of quartz and limestone, are present. The unit
characteristically occupies a high abandoned stream channel along
Big and Meyers canyons in the southwestern part of the sheet.

Mesozoic Era

Cretaceous

Kau: Austin Chalk

The unit ranges from a hard, lime mudstone to soft chalk. Predomi-
nantly composed of microgranular calcite with minor Foraminifera
tests and Inoceramrus prisms; sparsely glauconitic. Pyrite nodules
that are partly weathered are common. It is greyish-white- to
white-colored, and is locally highly fossiliferous. Only the lower
portion of the unit is present.

Kbo: Boquillas Flags

This unit is comprised of four units. The upper unit is predomi-
nantly shale which is silty and medium-grey, and it is interbedded
with some limestone which is nodular to laminar, granular, and
brownish-grey. The second unit is shale which is silty and medium-
grey, and it is interbedded with a granular, yellowish-grey limestone.
The third unit is represented by a dark-grey, silty shale which is
interbedded with laminated siltstone. The shale grades upward to
silty limestone. The basal unit is clastic limestone with thin,
cross-laminated beds that pinch and swell along strike. The
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limestone is interbedded with siltstone which is light yellowish-
grey to greyish-orange in color. Total thickness is approximately
200 feet.

Kbu: Buda Limestone

This unit is comprised of fine-grained, bioclastic limestone that
is generally glauconitic, pyritiferous, hard and massive. It is
poorly bedded to nodular and thinner bedded and argillaceous near
the upper contact; light-grey to pale orange in color, weathers to
dark-grey to brown. Burrows in the limestone are filled with
chalky marl. The basal beds are typically composed of marly,
nodular limestone and thin, yellow marl beds with scarce Budaiceras
fossils. Thickness of the formation is greater than or equal to 50
feet. The Buda Limestone forms much of the plateau surface.

Kdr: Del Rio Clay

Calcareous and gypsiferous clay. Pyrite is abundant in the unit.
The Del Rio Clay is blocky, medium-grey, and weathers to a light-
grey or yellowish-grey color. Marine megafossils are present, and
include abundant Exogyra arietina and other pelecypods. Thickness
of the unit is greater than or equal to 20 feet. It feathers out
northward.

Ks: Segovia Member of the Edwards Limestone

This unit is comprised of limestone and dolomite. The upper portion
is cherty, light-grey, miliolid, shell fragment, rudistid lime-
stone. The middle portion is represented by dolomite that is
porous, massive to thin-bedded, cherty, medium brownish-grey in
color, and contains collapse breccia. The lower portion is composed
of light yellowish-grey, miliolid limestone and marl and marly
limestone with Exogyra texana and oxytropidocerid ammonites.
Thickness of the formation is approximately 300 feet.

Ksf: Lower Part of the Segovia Member and Upper Part of the Fort
Terrett Member, Undivided

Kft: Fort Terrett Member of the Edwards Limestone

Limestone and dolomite comprise this unit. The upper portion
contains porcelaneous aphanitic limestone with collapse breccia,
chert, and recrystallized limestone. The middle portion is light-
to dark-grey, cherty, miliolid, shell fragment, rudistid limestone
and medium brownish-grey dolomite. The lower portion is composed
of nodular limestone with thin, yellow, Exogyra texana-bearing clay
at the base. Thickness of the unit ranges from 150 to 300 feet,
thickening southward.

Ka: Antlers Sandstone

Fine-grained, calcareous sandstone that is well-cemented to friable,
massive to bedded, and white to yellow and reddish in color.
Exposed along the Pecos River. Up to approximately 50 feet thick.

Kh: Hensell Sand

This unit is composed of sand, silt, and clay. It is mostly
friable, except where it is calcareous. Red and grey in color.
Outcrop thickness is 90 feet; the base of the unit is not exposed.

P: Permian Rocks, Undivided

Present locally along the Pecos and San Saba rivers and north of
North Llano River. Along the Pecos River, it consists of massively
bedded limestone, flanked on either side by interbedded, thin-
bedded limestone and shale. Approximately 150 feet thick. Along
the San Saba River near the eastern edge of the sheet and along
Epps Creek north of North Llano River, the unit consists of lime-
stone and dolomite.

D. RADIOACTIVE MINERAL PROSPECTS in the SURVEYED AREA

The Southern Interstate Nuclear Board (1969) reports a uranium
prospect in carbonaceous material in Edwards County, south of the
Sonora map area. Uranium mineralization is associated with calcite
in solution cavities in Val Verde County, south of the map sheet.
There are no known occurrences directly within the area, however.
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SECTION IV.

RESULTS OF DATA ANALYSIS

A. DESCRIPTION OF STACKED DATA PROFILES

1. Multivariable Radiometric Stacked Data Profiles

These profiles are presented at a horizontal scale of 1:500,000.
The vertical scales are:

Altitude: 100 feet/div.; aircraft altitude above the surface

TL(208T9,)* 1.0 ppm/div; 7.15 c/s = 1 ppm/eTh

BI(214Bi)* .3 ppm/div; 13.52 c/s = 1 ppm/eU

K (40oK)* .20 %/div; 98.06 c/s = 1%K

BiAir 5.0 c/s/div. 50 seconds averaged

Residual Magnetic Field 100 gammas/div. (See Sec.V.B.1)

GC (Count from 400 keV to 3.0 MeV) 400 c/s/div.

Bi/TL .07/div.

Bi/K .5 /div.

TL/K .9 /div.

Geology Strip: An approximate six-mile width of the geology
map, containing each line, is displayed above
the profiles.

* 7-second average weighted 1:2:3:4:3:2:1 is used and plotted
at center.

2. Residual Magnetic Field Profiles

Altitude: 100 feet/div.

Temperature: 2 0C/div.

Pressure: 3 mm of Hg/div.

Base Magnetic Field: 10 gammas/div.

Residual Magnetic Field: 10 gammas/div.

Geology Strip: An approximate six-mile width of the
geology map, containing each line, is
displayed above the profiles.

All profiles appear in Section IV.H.

B. SINGLE AND AVERAGE RECORD LISTINGS

Single and average record listings are provided on microfiche.
Samples of each type are presented in Appendix III.

C. STATISTICAL PRESENTATION OF DATA BY GEOLOGIC TYPE

Tables IV.(1-6) contain the average value of each variable as a
function of line number and geologic type. The tables are in order
eTh, eU, K, eU/eTh, eU/K, eTh/K.

D. FREQUENCY DISTRIBUTON OF DATA FOR EACH GEOLOGIC TYPE

Table IV.7 contains the mean, standard deviation, and number of
events for each geologic type encountered over the entire map
sheet. Histograms for these data aopear in Section IV.H.2.

E. DATA INTERPRETATION

1. Analysis of Geologic Histograms

The radioactivity data is shown in histogram form with parts
per million or percent plotted against number of events
(Appendix I). The histograms for 2 08

Te and 40K were examined
for conformity to a Gaussian curve. It is generally assumed
that a geologic map unit, which encompasses a fairly homogeneous
lithology, would have a unimodal distribution. Where map
units vary significantly from a unimodal distribution, a
further subdivision into more homogeneous lithologic types may
be recommended. Table IV.8 shows the map units, which vary
from a unimodal model, and for which separation of two or more
distributions is feasible. Only units with excess of 200
events are considered.

2. Discussion of Anomalies

Introduction

The 208T9,, 214Bi, and 214 Bi/ 208 TQ (ratio) data were examined
for anomalous values. An anomaly is defined by a minimum of
two adjacent, two-standard deviation values, or a single,
three-standard deviation value. The anomalies were listed by
flight line in Table IV.9; by geologic map unit in Table
IV.10; Table IV.10 is statistically summarized in Table IV.11.
Only positive anomalies were examined for 208 Tt and 214Bi, but
both positive and negative values were studied for the ratio
anomaly.

IV-2

IV-1



SONORA

Table IV.1 Geologic Uni.t Average Value as a Function of Map Line
for eTh (PPM Times 10)

SENORA
Table IV.3 Geologic Unit Average Value as a Function of Map Line

for K (PC Times 100)

SONURA

Table IV.5 Geologic Unit Average Value as a Function of Map Line
for eU/K (Times 1000)
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Table IV.7 Mean (X) and Standard Deviation (a) for Each Geologic Type.

T'3LE IV.8 Geologic Units with Apparent Significant Variations from
Unimodal Distributions, Based on the Analysis of the eTh
Histograms*
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TABLE IV.ll Statistical Summary of Radioactivity Anomalies per
Geologic Period(s)

Geologic Unit 20 eTQ 21 Bi 214Bi/ 208Ti

Quaternary
No. of units w/anomalies
No. of anomalies

Cretaceous
No. of units w/anomalies
No. of anomalies

Total Sample
No. of units w/anomalies
No. of anomalies

2 2
25 13

5 5
100 79

7 7
125 92

3
41

6
218

9
259

Quaternary Geologic Units: Qal, Qu, Qt
208T9 Anomalies

Twenty percent of the 208
T. anomalies recorded in the Sonora

map sheet area are reported from the units Qal and Qu. Over
three-fourths (80%) of these anomalies are found in Qu.
Quaternary exposures comprise roughly 15% of the total map
area. The thorium ion is considered to be relatively insoluble,
and it rarely concentrates in surface waters. The anomalies
are presumably not economically significant.
214Bi and 214Bi/ 2 08TQ Anomalies

Fourteen percent of the 214Bi anomalies and sixteen percent of
the 2 14Bi/ 2 08TE anomalies are recorded over the Quaternary
units. Of these anomalous types, over one-half (61% and 66%,
respectively) are from the unit Qu. There are three points of
geographic coincidence within Qu: ML20, stations 1546-1561,
and ML60, stations 1053 and 1353-1373.

Where these anomalies do not coincide, they are thought to be
a product of intraformational changes in lithology (see Table
IV.8).

Cretaceous Geologic Units: Kbo, Kbu, Kdr, Ks, Ksf, Kft

208TZ Anomalies

Eighty percent of the 208T% anomalies are recorded over the
Cretaceous units, with the exception of the unit Kdr. Of
these, over three-fourths (88%) are found in the unit Ks.
Cretaceous-aged units are exposed over approximately 85% of
the survey area.

Bi and 2 14Bi/ 2 08TQ Anomalies

Eighty-six percent of the "1Bi anomalies and eighty-four
percent of the ratio anomalies are present in the Cretaceous
units. Over one-half of these anomalies (59% and 61%, respec-
tively) are reported from Ks. There are 42 geographic loca-
tions where 2 Bi and 214Bi/ 208TQ anomalies coincide with one
another: ML20, stations 1241-1251 (Ks), and 1266-1271, 1386-
1391 and 2021 (Kbu); ML40, stations 6924-6929 and 7149 (Kbu),
7104-7109 (Kbo), and 7234, 7254-7274 and 7299-7314 (Ks); ML60,
stations 1068-1078, 1098 and 1178-1208 (Ks), and 1253-1258 and
1503 (Kbu); ML80, stations 6468, 7423-7438 and 7468-7473 (Ks),
and 7223-7233 (Kbu); ML100, stations 1021-1031, 1071-1076 and
1146-1171 (Ks), and 1241-1246 (Kbu); ML120, stations 7113,
7158 and 7168-7178 (Ks); ML140, stations 1178-1193 and 1843-

1848 (Kbu); ML180, stations 71-76, 131, 6839-6844 and 6854-
6864 (Kbu); TL5140, stations 2929-2934 (Ks); TL5180, stations
1178-1183 (Kbu); and TL5200, stations 4242-4252, 4272-4282,
4292-4302, 4317-4327, 4337-4342, 4362-4372, 4392-4412 and
4452-4512 (Ks).

These loci of coincidence may reflect epigenetic uranium
mineralizations in the units Ks and Kbu.

Relationship between Radioactivity Anomalies and Cultural
Features

The cultural features in the Sonora map sheet area which may
influence radioactivity data are few. They include the towns
of Sonora, Rocksprings, Eldorado, Ozona and Iraan. There are
no man-made reservoirs in the map region, although the San
Saba, South Llano, Dry Devils, Devils and Pecos rivers, as
well as many small, intermittent lakes may have affected the
results of the survey to a certain extent.

There are no 2O8-1, 
214Bi and 2 1

"Bi/*
208T anomalies associated

directly with towns. A number of Bi and ratio anomalies
are located in the proximity of the Pecos River; however,
allowing for the accuracy of the survey, these anomalies are
considered to be associated with land.

Relationship between Radioactivity Anomalies and Known Radio-
active Mineral Deposits

There are no reported radioactive mineral deposits directly
within the Sonora map sheet area.

Trends

2 08TZ Anomalies

208Tz anomalies are virtually absent from the southwestern
quarter and the extreme western edge of the map area. They
are relatively scarce in the southeastern corner of the map.
With these exceptions, the 2 08

T. anomalies are generally
evenly distributed throughout the region.
214Bi Anomalies

The 214Bi anomalies are concentrated exclusively west of the
Pecos River, in the southwestern corner of the map. They may
be associated with the underlying structure of the Marathon
Folded Belt.

(...) denotes negative anomaly
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The 214Bi anomalies are concentrated exclusively west of the
Pecos River, in the southwestern corner of the map. They may
be associated with the underlying structure of the Marathon
Folded Belt.

214Bi/ 208Ti Anomalies

The distribution pattern for ratio anomalies in the Sonora map
sheet generally mirrors that of the 2

1
4Bi anomalies. It is

slightly more extensive, however.

3. Summary and Recommendations

The 208T9, 214Bi and 214Bi/ 208 T anomalies in the Sonora map
sheet region are recorded predominantly over Cretaceous-aged
exposures. To a much lesser extent, the anomalies are reported
from the Quaternary units in the map sheet area.

The 214Bi and ratio anomalies show approximately the same
distribution pattern in the southwestern quarter of the map.
There are many coincident loci of the two anomalous types
within the Cretaceous units Ks and Kbo in this general area.
Where these units are carbonaceous or contain asphaltite, they
may provide significant concentrations of epigenetic uranium.

F. NATIONAL GAMMA RAY MAP SERIES (NGRMS)

The geologic base has been photographically screened to allow
emphasis of the flight line locations and of the information
regarding data analysis. These maps are used as the base for
presenting statistical information on the six variables:

* 298
* 214Bi
* 40K
* 214Bi/ 208 TZ Ratio
* 2 14Bi/"0K Ratio
* 

208T9/"K Ratio

The six NGRMS sheets are presented in Figures IV. (1-6) of this
report at a scale of 1:500,000 and as separate sheets at a scale of
1:250,000.

The statistical information is summarized on these maps through the
utilization of one, two or three dots above or below the flight
line at every fifth data point. One dot above the line indicates
that the variable value at that point is between la and 2a greater
than the mean value for that geologic type where a values are
determined for each geologic type based on all flight line data
from the area, as is discussed further in Section V.B.4. Two dots
indicate values between 2a and 3a, and three dots show values

IV-13

greater than 3a. Dots below the line indicate the variable values
which are less than the mean value by 1, 2 or 3Q in the same
manner.

G. LINE PRINTER CONTOURS

Printer contours have been generated at a 1:500,000 scale for seven
variables (eTh, eU, K, eU/eTh, eU/K, eTh/K, and RMag, respect-
ively). They appear in Appendix IV. Note that every alternate
contour interval is composed of blanks to help delineate contour
boundaries. Dots are used where the denominator value for a ratio
is approaching zero, and to denote non-data areas.
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SECTION V.

GEODATA DATA ACQUISITION AND PROCESSING

A. DATA ACQUISITION SYSTEM

A brief description of the computer-linked Geodata Data Acquisition
System (GDAS), used in the present survey, is presented here. The
five primary components of the GDAS, which are mounted aboard a
Douglas Super DC-3 aircraft, Figure V.1, are:

1) An array of nine (9) 11 " dia. by 4" thick NaI(Ti) detectors;

2) a NOVA mini-computer system

3) a Collins ALT-50 radar altimeter system;

4) a proton precession magnetometer; and

5) a Bendix DRA-12C doppler navigation system.

The nine-crystal detector array has been calibrated to measure the
gamma radiation spectrum between 0-6 MeV. The contents of the 3 to
6 MeV interval is monitored in order to reduce the contributions of
the cosmic events in the 0-3 MeV interval, which is of primary
interest in this survey. Eight of the nine detectors are mounted
to measure the 4n solid angle gamma radiation spectrum emanating
from the earth's surface. The ninth detector, which is partially
shielded underneath by a 3.5-inch lead plate, is situated to
measure the 214Bi radiation incoming from the upper 27T solid angle.

Each crystal detector has an estimated volume of 415.5 cubic
inches, resulting in a total volume for the entire 4n system of
3324 cubic inches. The estimated volume to velocity ratio for this
sytem is 23.7, where the average speed for the DC3-S is approxi-
mately 140 mph.

The energy resolution of the GDAS as calculated from the '"Cs 662
keV photopeak was 10.7%, where each individual crystal was 9.0% or
better. Automatic digital gain calibration for the eight detector
array and the single detector system was accomplished by stabili-
zing on the "*K photopeak data.

The NOVA computer, shown in the system block diagram of Figure V.2.
is the control center of the GDAS. The data is gathered by the
computer for every one-second period in a manner giving no dead
time when readout to the magnetic tapes for storage. Two magnetic

tape recorders are used; one to record the total spectral data and
the computer tabulated results (LDT), and the other to record only
the computer tabulated results (CDT).
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Digital-to-analog conversion of the resultant intensities, their
ratios and the magnetic field data are plotted on multi-track
paper, allowing immediate examination for anomalous data.

The spectral data from the single detector system gathers and
records the 2rr spectral data every nine seconds. This 2rr data is
necessary to determine the amount of atmospheric 21"Bi radiation in
the 41T spectral data. A third segment of the computer's core
gathers and sums the total 27T and 47r gamma radiation spectra for
each flight line, which can then be plotted as shown in Figure V.3
(EOFL spectrum).

Due to the dependence of the gamma ray data on altitude, a highly
accurate radar altimeter is used. The Collins ALT-50 system is
designed to make a series of 8 measurements per second, where the
resulting altitude is the average.

Since the gathered data are dependent on the current ambient
temperature and pressure readings, a Senso-Tek barometric pressure
sensor and a Hy-Col thermocouple sensor were used to monitor
conditions outside the aircraft.

A proton precession magnetometer sensor, having a 0.25 gamma
readout resolution and less than a 1.0 gamma noise envelope, is
sampled every second to yield a measurement of the total intensity
of the earth's magnetic field below the aircraft. The sensor is
carried as a "bird" on a 100-foot cable in order to minimize the
magnetic effects of the aircraft.

A Bendix DRA-12C navigation system with a 100th/nautical mile
accuracy provides a doppler navigation cross-track and along-track
analog signal to be recorded each second onto magnetic tape. Two
other methods are used to properly locate the aircraft's track:
visual sightings and photography. The first method is employed by
the navigator who marks flight map location reference points with
computer-displayed record numbers. The second method is a 35mm
film that records a continuous, recoverable track which has a 20%
overlap/frame at an elevation of 400 feet.

There are three basic operating modes of the GDAS that the operator
can manipulate:

1) CALIBRATE, which allows proper gain calibration for the
detectors;

2) OPERATE, which allows data to be collected, summed and recorded;
and

3) PLAYBACK,dwhich allows the operator to examine the newly
acquired data.

10
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Figure V.3 Typical End-of-Flight-Line Spectral Plot

B. DATA PROCESSING

1. Data Reduction

The field data tapes produced by the data acquisition system
(Section V.A) contain the 47 and 2n gamma radiation spectra,
measured between 0 to 6 MeV. The resulting gamma ray spectra
are composite spectra of the several different isotopes that
emit gamma rays within the detectors' energy range. The
method used in this work to determine the concentrations of
the different isotopes monitored is discussed in this section

In this work, there are four different isotopes which contri-
buted to the resultant composite spectra under consideration.
In order of the highest to lowest energy emitter, they are:
cosmic, eTh, eU and K counting rates.

x x xxx x x

PHA-2

___PHA-1

Energy Interval (MeV)

3.0 to 6.0
2.410 to 2.796
1.661 to 1.860
1.357 to 1.556

Due to the occurrence of Compton scatter at all gamma ray
energy intervals, a 4 x 4 matrix method approach is used to
"spectrally strip" the group summed counting rates into their
individual counting rates attributed only to the isotope
associated with that energy interval.

This matrix method approach is theoretically applicable to a
spectrum containing any number of isotopic gamma rays. For
convenience, the four isotopes will be denoted as: COS, TL,
BI and K. The channel group sum for each energy interval can
be considered to consist of fractional components of each of
its constituents. For instance, one can write for the TL
channel group sum:

aCOS + 1.OTL + fBI + 0.0K = MTL

where MTL is the channel group sum count;

and the coefficients, which are known as Compton coefficients,
for each variable represent the responses of the data gathering
system to each isotope over the entire energy spectrum.

Similarly, equations can be written for the energy interval
group sums for MCOS, MBI and MK, as shown below in matrix

notation by
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1.0 0.0 0.0 0.0 COS MCOS

a 1.0 f 0.0 TL MTL

b a 1.0 g BI MBI

where each element of the 4 x 4 matrix is a Compton coeffi-
cient. By inverting the 4 x 4 matrix and multiplying on the
left by the channel group sum matrix, the resulting column
matrix, whose elements are COS, TL, BI, and K, represents the
counts in each energy interval attributed only to the indi-
cated isotope source.

Table V.1 contains the data reduction parameters, coefficients
and backgrounds used in this survey. The listed Compton
coefficients were determined from data acquired during high
altitude flights and from "known" test pad data concentrations
in Grand Junction, Colorado.

The resulting reduced counting rates for COS, TL, BI and K
must then be normalized with respect to the measured live time
counting rate of the data acquisition system. This is necessary
in order to restore the linear relationship between the photo-
peak counts and the source's intensity. This procedure is
accomplished by dividing the reduced counts by the live time,
LTC1:

thus,

COSt
TL1
BI 1
K1

= COS/LTC1
= TL/LTC1
= BI/LTC1
= K/LTC1

The next step in the data processing involves the subtraction
of the background counts present onboard the aircraft. The
background counts, which exist in the aircraft and its equip-
ment, are determined from high altitude data where the data
acquisition is free from all ground sources and atmospheric
21"Bi contamination. The background counts, denoted as BTI,
B and B , used in this work are listed in Table V.1. During
the processing, the backgrounds are checked by observing the
resulting counting rates over large bodies of water, where the
rates would have near zero intensities. The gross count's
background counting rate, BGC, over channels 35-239, is also
given in Table V.1.

After the backgrounds have been subtracted from the live time
corrected photopeak counts, thus

TL1 = TL1 - BTZ

BIl = BIl - BBi

K1 = K1 - BK

The resulting counting rates for TL1 and K1 represent the
counts contributed only by the sources below the aircraft on
the earth's surface. In the case of BIT, an additional source
of 214Bi radiation, which is caused by atmospheric 2 14Bi,
BIAIR, is still eminent.

The 2n detector system data is used to determine the magnitude
of the BIAIR to be subtracted. Since the predominate variable
source affecting the 23r detector is the atmospheric 214Bi, it
is possible to utilize most of the 27 spectrum in the BIAIR
determination, and thereby produce some improvement in the
statistical error. The energy interval used for the 2Tn
crystal is between 1.05 to 2.79 MeV. Within this interval,
the aircraft's background, B , and its Compton coefficient,
C , have been determined fra the high altitude data. (See
Tale V.1).

The BIAIR associated with the unshielded detector array is
determined, using the shielded detector by the relation:

G(x)
BIAIR = (1 - k x) [VC - C2 .COS1 - b - ;:ALM]

where

G(x) is the relationship between the 
47 and 2,r

solid angles, the channel group sums and
the number of detectors in the detector arrays;

VC is the 27 total count group sum of channels
91-239, c/s:

COS1 is the 4gr cosmic count, greater than 3.0 MeV,
c/s;

and,

RVALM = k 1 'TET+k2 BTT+k3 T

where k1 , k2 , k3 are constant factors that correct for the
penetration/spill of the emanated surface radiation. These
penetration/spill constants are dependent on the amount of
lead shielding used on the 27r crystal. The values used in
this work are listed in Table V.1.

T-T, WIT and UI have already been defined as the 47r

reduced data counting rates, c/s.

Finally, the 214Bi counting rate caused only by the surface
sources is given by

BISUR = BTT - BIAIR

Briefly summarizing, TET, BISUR and KT are the counting rates
as measured at the height of the aircraft. All interfering
counts from cosmic, backgrounds and atmospheric 2 14Bi have
been removed.

Since the various counting rates are dependent upon the height
of the aircraft above the surface terrain, it is necessary to
correct the associated isotope's counting rate to an altitude
of 400 feet above the surface terrain. This is accomplished
through the equations indicated below:

TLS = T~0e (o -

BIS = BISUR . e-X2(400 - P x)

p0
KS = XT -e~3(O -

and

- 2C-x)
GC(gross count) = (C - G - S-BIAIR)eo

where

is the live time corrected gross count,
channels 35-239,

is the ratio of the BI data, channels 35-
239 to channels 143-159,

S

is the gross count background,

V-8
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1 ABLE V-1. DATA REDUCTION PARAMETERS

TLS,BIS,KS are the respective photopeak's counting
rates at 400 feet;

p0  is the air density at standard temperature
and pressure; 0.001293 gm/cc

p is the air density at the time the survey
data was flown;

1- ,212 ,-13 ,114 are the respective linear attenuation
coefficients;

x is the aircraft's height above the surface
terrain in feet.

The attenuation coefficients and other constants used in the
altitude normalization are listed in Table V.1.

After each flight line of data has undergone the above data
reduction, the average values for each radiation variable and
variable ratios for each of the flight lines were plotted to
demonstrate the consistency of the average values and that a
smooth flow continues from day to day, and from the start to
the finish of each day.

Diurnal variations of the magnetic field base station inten-
sity were measured and applied to the field data. (See
Section II.D and Appendix I.C). The magnetic heading correc-
tions for the aircraft and its equipment used in this survey
were determined by flying a predetermined path at a survey
altitude in first an east to west direction, then in a west to
east direction. The same procedure is used on a north to
south path. Based on the data obtained in this fashion, see
Table V.1, the heading corrections were removed from all the
data. The magnetic field data were then IGRF corrected to
give the residual magnetic field. The International Geomag-
netic Reference Field subtracted was provided by the U.S.
Geological Survey with reference to the IAGA Bulletin #38,
"Grid Values and Charts by the IGRF 1975.0", National Tech-
nical Information Service Report #PB265483.

The system sensitivities at 400 feet used 4n this survey are
shown in Table V.1.

2. Description of the Data Processing

The processing flow chart representative of the work performed
in this survey is shown in Figure V.4.

As stated in Section V.A., the original field data tapes were
recorded to contain the various tag words, 4w and 2w spectral

AIRCRAFT BACKGROUNDS

Detector

Terrestrial
(41)

Parameter

BK

BBi

BT

BGC

Window
Value
(CPS)

N540S - 1980

COSIiC ORRLCT ION
RATIOS

Parameter Value
- .9 - - 1 - *- 1 -

Potassium

Uranium

Thorium

Gross

29.98

9.40

5.83

286.69

c

b

a

0.2069

0.1651

0.2202

Atmospheric B2  IUranium 8.33 C I 0.2232
(2n) 2___] _____ 2w _____

DERIVED STRIPPING COEFFICIENTS AND RATIOS

Coefficient Value Coefficient Value

a 0.2755 ki 0.030

8 0.4058 k2 0.0

Y 0.8595 k3 0.0

f 0.0693 S 17.5

g 0.0156 - -

LINEAR ABSORPTION COEFFICIENTS

Value
Radio Element Parameter (x10-per ft.)

Potassium

Uranium

Thorium

Gross

V-10

Pi1

112

113

u4'

2.448

1.329

1.899

1.430

MAGNETIC HEADING CORRECTION

Correction
Flight Direction (gammas)

West to East +3.56

East to West -3.56

North to South -1.0

South to North +1.0

SYSTEM SENSITIVITIES
RADIOELEMENT AT 400 FEET

Potassium 98.06
(cps/%K)
Uranium 13.52
(cps/ppm eU)

Thorium 7.15
(cps/ppm eTh)
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Figure V.4 Data Reduction Flow Chart
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data and the trailer record sums for each flight line. The
purpose of the REFORM program is to sum the raw spectral data
(LDT) into the proper group sum energy intervals for each
second for each line. The CDTPLT program is a data certifi-
cation program that produces the EOFL spectral plots, Figure
V.3, and profiles of each of the channel group sums, which are
plotted as a function of each line's record numbers.

A brief summary of each program and its uses is given below:

FUNCTION

Produces energy group sums and EOFL spectra.

Primary processing for "spectral stripping"
matrix reduction, live time normalization,
background and BIAIR subtraction, and altitude
corrections.

Flight path recovery to produce record location
map at a scale of 1:250,000.

Single record processing with latitude/
longitude positioning, IGRF and single point
statistical adequacy computations, and magnetic
heading corrections.

Merges aircraft magnetometer and ground magne-
tometer in proper time sequence and applies
diurnal corrections to the field data.

Produces radiometric and magnetic stacked
profile plot tapes.

Preliminary programs to prepare/sort data as
a function of geologic type for the entire
area.

Produces geological histograms,mean and
standard deviation tables,and plot tape for
the entire area.

Produces plot tape for standard deviation
"dot plots" related to geologic type.

Produces average record and single record
reduced data listings and microfiche tapes,
which are sent to microfiche vendor.

Produces all customer required tapes.

3. Data Presentation

The surveyed area was positioned geographically to completely
cover the specific National Topographic Map. Each topographic
map has been used as the flight base and sufficient geograph-
ical and 15' location information has been shown. The flight
line pattern has been superpositioned onto these created base
maps, where the standard deviation levels for each independent
variable and each ratio of these variables have been plotted
(NGRMS), based on the data contained within the total map
area. Every fifth data point along each map line has its
standard deviation value shown at the location of that value.
Therefore, there are six NGRMS sheets which indicate the
location and magnitude of anomalous data.

The multivariable map line profile, which represents 10
variables as a function of their latitude and longitude
location for each line, is presented at a scale of 1:500,000.
Each profile presents:

1. Aircraft altitude above the surface
2. eTh ( 2 08

Tz from 232Th decay series)
3. eU (2 14Bi from 238U decay series)
4. K (4 0K from natural potassium)
5. BIAIR (atmospheric 214Bi)
6. Residual magnetic field
7. Gross count (greater than 400 keV)
8. eU/eTh (214Bi/208Tk) ratio
9. eU/K (2 14Bi/ 40K) ratio

10. eTh/K (208Tf/4'K) ratio
11. Geologic data, including aircraft flight pdth

The residual magnetic field map line profile, which represents
five variables as a function of their latitude and longitude
location for each line, plus geologic data at a scale of
1:500,000 is presented as:

1. Aircraft altitude
2. Atmospheric temperature
3. Atmospheric pressure
4. Residual magnetic field data
5. Magnetic field base line station data
6. Geological data, including aircraft flight path

The output of these various computations supplies, beyond two
profile sets, the following data:

* Histograms of the radiation data distribution within
each geologic unit.

* Histograms of the average velocity distribution for
each one-second record for each map and tie line.

* Histograms of the average altitude distribution for
each one-second record for each map and tie line.

* Tables giving the average radiation concentration of
each geologic unit for each flight line.

* Average radiation concentration for each variable as
a function of flight line, including the atmospheric
21 4Bi.

* Set of maps showing the standard deviation data as a
function of location and radiation variable.

* Printer plot contour maps of eTh, eU, K, eU/K, eU/eTh,
eTh/K and the magnetics at a scale of 1:500,000.

4. Statistical Analysis Procedures

It is necessary to exclude from the statistical analysis all
variables which have too low a counting rate to be statisti-
cally valid, and data which were obtained at altitudes above
1,000 feet. To this end, a statistical adequacy test was run
on all data for each data record. If a given value of T9, Bi
or K failed the test, that variable value, and any ratio value
associated with it, were not used in the statistical deter-
minations of mean and standard deviation values. In addition,
such values are indicated on the radiometric profiles by a
vertical (tick) mark along the base line for the variable, and
are flagged in the single record and averaged record listings
(microfiche). The ratio values are set to zero in the Radio-
metric Profile Plots. The flags in the listings appear under
the heading AKUT for altitude, 40K, 2 14Bi and 08TZ, respec-
tively. The flags are zero for statistically valid data, and
one for rejected data in the case of K, U and T. For altitude
(A), a zero indicates altitudes to 700 feet, a one (1) indi-
cates altitudes between 700 and 1,000 feet, and a two (2)
indicates altitudes above 1,000 feet.

The tests used to reject data were as follows:

PROGRAM

REFORM

FIXMOD

STACK

DOPTAP

GNDMRG

VARPLT

HISTO,MERGE,
and SORT1

HISPLT

GEODOT

FICHE

CUSTOMER

Tiw - TkT = 1.5oT

Biw - BISUR = 1.5oB

Kw -Y KT = 1.5aK

V-14

(1) TIT < 1.5

(2) BISUR < 1.5

(3) T < 1.5
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where the "w" subscript refers to the respective window
counting rates from the raw data and TZ, BISUR and K1 have
previously been defined. If any of the above inequalities
were true, the associated variable was flagged, and that value
was rejected in all statistical determinations.

The values of the radicals in the above equations, which are
indicated as aT, aB, aK and the barred values, were calculated
on the basis of a single record value for determining flags in
the single record listings and the 7-point weighted values for
determining flags in the averaged records listings.

The mean value and standard deviations were calculated assuming
the data to have a normal distribution within a geologic type.
The equation used in determining the variance is:

2 = N-1 jjx - NP2

where N is the number of statistically valid samples for a
given geologic type, x. is the value of the variable for
sample number i, and x is the mean value of the variable for
the geologic type. Values from the entire survey of the area
are used in these computations.
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AI.C DIURNAL CORRECTIONS TO LINE DATA

AI.A PRODUCTION SUMMARY - SURVEY TIME PERIOD

DATE FLOWN

2/20/80

2/28/80

2/29/80

3/1/80

3/28/80

3/29/80

SURVEY

LINE MILES
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483.64
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SPEED/DAY
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140
160
180
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240
241
260
280
300
320
340
360
380
400
420
440
460
5020
5040
5060
5080
5100
5120
5140
5160
5180
5200

DIURNAL
CORRECTIONS
IN GAMMAS

-3
-5
4
3
3
0
0
-6
0
18
-2
-2
11
11
-6
-7
-3
-3
-19
-27
-26
-35
-15
-9
-5
-15
4
5
5
6
4
6
4
4
2
3

AI-2

ML/TL

5020,5040

20,40,

5060-5200

60-180

200-300

320-380

400-460

LINE

DIURNAL
CORRECTIONS
IN GAMMAS

r- r-

1 M

Ol 1l

00
M

AI-3Al -1



AI.E AVERAGE SPEED AND ALTITUDE DATA SUMMARYAI.D EXPLANATORY NOTES

There were no problems with this quad.

AI-4

LINE
AVERAGE

SPEED, MPH
AVERAGE

ALTITUDE, FTLINE

1L20
L40

iL60
iL80
HL100
ILl20
L140
1L160
IL180
1L201
L200

IL220
L221

IL241
1L240
1L260
IL280
IL300
IL320
IL340
IL360
1L380
IL400
1L420
1L440
IL460
fL5020
FL5040
FL5060
fL5080
FL5100
EL5120
fL5140
EL5160
EL5180
EL5200

AVERAGE
SPEED, MPH

140
139
141
134
147
135
143
137
138
139
135
138
139
138
139
146
144
148
137
150
136
153
138
140
139
150
136
142
149
135
145
135
146
137
146
137

AVERAGE
ALTITUDE, FT

406
425
401
402
403
397
420
408
407
405
421
422
416
416
421
430
423
433
417
422
403
456
411
407
404
424
405
404
392
388
395
392
395
402
420
423
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Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

A. DESCRIPTION OF DATA TAPES

Al. General

All data tapes are 9-track, 800 BPI (NRZI), odd parity, EBCDIC
code. Each tape contains a gum label giving the survey project
name, month and year of survey, tape type, subcontractor name,
date tape created, tape reel count, tape recording character-
istics, block size in Bytes and location of tape format informa-
tion.

The general description for each of the tape types is as
follows:

APPENDIX II

TAPE FORMAT STATEMENTS

Block Number

1
2
3
4

Line
Numb

1

2
3
4
5
6
7
8
9
10

Description

Format Description
Tape Identification
First Data Block
Second Data Block

Last Data Block
EOF

A2. Raw Spectral Data Tapes

Block Size (Physical Record): 6600 characters
Logical Record, Data : 1100 characters

1. Format Description Block (Block 1)

The Format Description utilizes 4248 characters. The
remaining 2352 characters of this block are blanks.

Character Number
er 123456789012345678901234567890123456789012345678901234567890123456789012

01 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

RAW SPECTRAL DATA TAPE

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK ON TAPE)

ITEM FORMAT DESCRIPTION
1 A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION
2 A20 NAME OF SUBCONTRACTOR
3 14 APPROXIMATE DATE OF SURVEY (MONTH, VEAR)

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

4
5
6
7

8

9
10
11
12
13
14

15-17

*

*

*

306-308

FORMAT

ITEM
1
2
3
4
5
6
7
8

9
10
11

12
13

14

15
16

*

*

*

270

AII-1

II
A20
13
F6.3

F6.3

13
13
13
14
16
13

I4,16,I3

*

*

*

AERIAL SYSTEM IDENTIFICATION CODE
AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER
BFEC CALIBRATION REPORT NUMBER
4PI SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL
PLACES IN SECONDS
2PI SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL
PLACES IN SECONDS
NUMBER OF CHANNELS (0-3 MEV) FOR 4PI SYSTEM
NUMBER OF CHANNELS (0-3 MEV) FOR 2PI SYSTEM
NUMBER OF FLIGHT LINES ON THIS TAPE
FIRST FLIGHT LINE NUMBER ON THIS TAPE
FIRST RECORD NUMBER OF FIRST FLIGHT LINE
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE WAS
COLLECTED
REPEAT OF ITEMS 12-14 FOR SECOND FLIGHT LINE ON THIS
TAPE

*

*

*

14,16,I3 REPEAT OF ITEMS 12-14 FOR 99TH FLIGHT LINE ON THIS

TAPE

FOR RAW SPECTRAL DATA RECORD (THIRD THRU LAST BLOCK ON TAPE)

FORMAT DESCRIPTION11 AERIAL SYSTEM IDENTIFICATION CODE
14 FLIGHT LINE NUMBER16 RECORD IDENTIFICATION NUMBER
16 GMT TIME OF DAY (HHMMSS)
F8.4 LATITUDE TO FOUR DECIMAL PLACES IN DEGREES
F8.4 LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
F6.1 TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
F7.1 TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE

IN GAMM4AS
A8 SURFACE GEOLOGIC MAP UNIT CODE
14 QUALITY FLAG CODES
F4.1 OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN

DEGREES CELSIUS
F5.1 OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG
F5.3 LIVE TIME COUNTING PERIOD TO THREE DECIMAL PLACES IN

SECONDS14 SUMMED RAW OUTPUT FROM COSMIC CHANNELS (3-6 MEV) IN
COUNTS14 RAW OUTPUT FROM CHANNEL 1 IN COUNTS

14 RAW OUTPUT FROM CHANNEL 2 IN COUNTS
* *

* *

* *

14 RAW OUTPUT FROM CHANNEL 256 IN COUNTS
- 2352 BLANK CHARACTERS

A-II-2



2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 30 of the Format Description Block
A2.1, and 1396 characters are produced. The remaining
5204 characters in this block are blanks.

If fewer than 99 flight lines exist, the unused flight
line information, 13 characters per flight line, is
filled with 9's through the 99th flight line.

3. Raw Spectral Data Blocks

The informationeand format for the logical records in
these blocks are indicated in lines 36 through 59 of the
Format Description Block A2.1. One logical record con-
tains 1100 characters. There are six such logical records
per 6600 character physical record or block.

The 2n data logical record is recorded after the corres-
ponding 4n data collection intervals at a frequency
dependent on the 2n system data collection interval. For
example, if the 4n data collection interval is 1 second
and the 2n data collection interval is 10 seconds, then
10 records of 4r data are recorded followed by 1 record
of the 2wr data which was collected during the preceding
10 seconds. The format for the 21T data is identical to
that of the 4nrdata, except for lines40 through 49 of
the Format Description Block given above. These vari-
ables are expressed in the 2n record as all nines in the
format specified for I and F fields, and all zeros for A
fields.

A3. Single Record Reduced Data Tapes

Block Size (Physical Record): 6900 characters
Logical Record, Data : 138 characters

1. Format Description Block (Block 1)

The Format Description utilizes 6768 characters. The
remaining 132 characters of this block are blanks.

Line Character Number
Number -12345678901234567890123456789012345678901234567890123456789C123456789012

02 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES;
2
3 SINGLE RECORD REDUCED DATA TAPE
4
5 FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)
6

Line (:iarac ter Number
Number 123456789012345678901234567390123456789012345678901234567890123456789012

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

ITEM FORMAT DESCRIPTION
1 A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION
2 A20 NAME OF SUBCONTRACTOR
3 14 APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
4 Il NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR

THIS QUADRANGLE
5 Il AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM
6 A20 AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR

FIRST SYSTEM
7 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO

TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE
IN CPS PER PERCENT K FOR FIRST SYSTEM

8 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL URANIUM (I-214) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT U

9 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL THORIUM (TL-208) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT TH

10 16 BLANK FIELD (999999)
11 F6.3 4PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS FOR FIRST SYSTEM
12 F6.3 2P1-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS FOR FIRST SYSTEM
13 13 NUMBER OF CHANNELS (0-3 MEV) IN 4PI SYSTEM FOR FIRST

AERIAL SYSTEM
14 13 NUMBER OF CHANNELS (0-3 MEV) IN 2PI SYSTEM FOR FIRST

AERIAL SYSTEM
15-24 (SAME) REPEAT OF ITEMS 5-14 FOR SECOND AERIAL SYSTEM

*
*

85-94
95
96
97
98

99-101

*

*

*

390-392

FORMAT

ITEM
1
2
3
4
5

*
*

(SAME)
13
14
16
13

14,16,13

*

*

*

14,16,13

FOR SINGLE

FORMAT
Il
14
16
16
F8.4

REPEAT OF ITEMS 5-14 FOR NINTH AERIAL SYSTEM
NUMBER OF FLIGHT LINES ON THIS TAPE
FIRST FLIGHT LINE NUMBER ON THIS TAPE
FIRST RECORD NUMBER OF FIRST FLIGHT LINE
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT-LINE DATA WAS
COLLECTED
REPEAT OF ITEMS 96-98 FOR SECOND FLIGHT LINE ON THIS
TAPE

*

*

REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS
TAPE

RECORD REDUCED DATA RECORD (THIRD THRI! LIA BLOCK)

DESCRIPTION
AERIAL SYSTEM IDENTIFICATION CODE
FLIGHT LINE NUMBER
RECORD IDENTIFICATION NUMBER
GMT TIME OF DAY (HHMMSS)
LATITUDE TO FOUR DECIMAL 'LACES IN DEGREES

Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

6 F8.4
7 F6.1
8 F7.1

9 A8
10 14
11 F6.1

12 F4.1

13 F6.1

14 F4.1

15 F6.1

16 F4.1

17 F6.1

18 F6.1

19 F6.1

20 F8.1

21 F6.1

22 F5.1

23 F4.1

24 F4.1

25 F5.1

2. Tape

LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY
TO ONE DECIMAL PLACE IN GAMMAS
SURFACE GEOLOGIC MAP UNIT CODE
QUALITY FLAG CODES
APPARENT CONCENTRATION OF TERRESTRIAL POTASSIUM
(K-40) TO ONE DECIMAL PLACE IN PERCENT K
UNCERTAINTY IN TERRESTRIAL POTASSIUM TO ONE DECIMAL
PLACE IN PERCENT K
APPARENT CONCENTRATION OF TERRESTRIAL URANIUM
(BI-214) TO ONE DECIMAL PLACE IN PPM EQUIVALENT U
UNCERTAINTY IN TERRESTRIAL URANIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
APPARENT CONCENTRATION OF TERRESTRIAL THORIUM
(TL-208) TO ONE DECIMAL PLACE IN PPM EQUIVALENT TH
UNCERTAINTY IN TERRESTRIAL THORIUM TO ONE DECIMAL
PLACE IN PPM EQUIVALENT TH
URANIUM-TO-THORIUM RATIO TO ONE DECIMAL PLACE IN
PPM EQUIVALENT U PER PPM EQUIVALENT TH
URANIUM-TO-POTASSIUM RATIO TO ONE DECIMAL PLACE IN
PPM EQUIVALENT U PER PERCENT K
THORIUM-TO-POTASSIUM RATIO TOKONE DECIMAL PLACE IN
PPM EQUIVALENT TH PER PERCENT K
GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
UNCERTAINTY IN GROSS GAMMA COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND
ATMOSPHERIC BI-214 4PI CORRECTION TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U
UNCERTAINTY IN ATMOSPHERIC BI-214 4PI CORRECTION
TO ONE DECIMAL PLACE IN PPM EQUIVALENT U
OUTSIDE AIR TEMPERATURE TO ONE DECIMAL PLACE IN
DEGREES CELSIUS
OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG

Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 49 of the Format Description Block
A3.1, and 1922 characters are produced. The remaining
4978 characters of this block are blanks.

If less than nine aerial systems are used, the space
allocated for additional systems is filled with 9s in
the format specified for edch item using I and F fields,
and with zeros for A fields.

Similarly, if fewer than 99 flight lines exist, the
unused flight line information, 13 characters per flight
line, is filled with 9's through the 99th flight line.

All-3
All-5All-4



3. Single Record Reduced Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 55 through 94 of the
Format Description Block A3.1. One logical record con-
tains 138 characters. There are 50 such logical records
per 6900 character physical record or block.

The data appearing in locations specified by lines 68,
72, 76, 86 and 90 of the Format Description Block A3.1
are 9's in the format specified in each case.

A4. Statistical Anal sis Tapes (Data and Summary)
File 1: Statistical Analysis Data

Block Size (Physical Record): 8000 characters
Logical Record, Data : 160 characters

1. Format Description Block (Block 1)

The Format Description utilizes 7560 characters. The
remaining 440 characters are blanks.

Character Number
er 123456789012345678901234567890123456789012345678901234567890123456789012

03 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

STATISTICAL ANALYSIS DATA TAPE

Line Character Number
Number 123456789012345678901?3456789012345678901234567890123456

78 901 23456 789 012

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

FORMAT FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

ITEM FORMAT DESCRIPTION
1 A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION
2 A20 NAME OF SUBCONTRACTOR
3 14 APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
4 Il NUMBER OF AERIAL SYSTEMS USED TO COLLECT DATA FOR

THIS QUADRANGLE
5 11 AERIAL SYSTEM IDENTIFICATION CODE FOR FIRST SYSTEM
6 A20 AIRCRAFT IDENTIFICATION BY TYPE AND FAA NUMBER FOR

FIRST SYSTEM
7 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO

TERRESTRIAL POTASSIUM (K-40) TO ONE DECIMAL PLACE
IN CPS PER PERCENT K

8 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL URANIUM (BI-214) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT U

9 F6.1 NOMINAL ALTITUDE SYSTEM SENSITIVITY RELATIVE TO
TERRESTRIAL THORIUM (TL-208) TO ONE DECIMAL PLACE
IN CPS PER PPM EQUIVALENT TH

10 16 BLANK FIELD (999999)
11 F6.3 4PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS FOR FIRST SYSTEM
12 F6.3 2PI-SYSTEM DATA COLLECTION INTERVAL TO THREE DECIMAL

PLACES IN SECONDS FOR FIRST SYSTEM

13

14

15-24
*
*

*

85-94
95
96
97
98

99-101

*

*

*

390-392

FORMAT

ITEM
1
2
3
4
5
6
7
8

9
10
11

12

13

14

15

16

17

18

13

13

(SAME)
*
*

*

(SAME)
13
14
16
13

14,16,13

*
*

*

NUMBER OF CHANNELS (0-3 MEV) IN 4PI SYSTEM FOR FIRST

AERIAL SYSTEM
NUMBER OF CHANNELS (0-3 MEV) IN 2PI SYSTEM FOR FIRST
AERIAL SYSTEM
REPEAT OF ITEMS 5-14 FOR SECOND AERIAL SYSTEM

REPEAT OF ITEMS 5-14 FOR NINTH AERIAL SYSTEM

NUMBER OF FLIGHT LINES ON THIS TAPE
FIRST FLIGHT LINE NUMBER ON THIS TAPE
FIRST RECORD NUMBER OF FIRST FLIGHT LINE

JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE DATA WAS

COLLECTED
REPEAT OF ITEMS 96-98 FOR SECOND FLIGHT LINE ON THIS

TAPE

*

14,16,I3 REPEAT OF ITEMS 96-98 FOR 99TH FLIGHT LINE ON THIS

TAPE

FOR STATISTICAL ANALYSIS DATA RECORD (THIRD THRU LAST BLOCK)

FORMAT DESCRIPTION
I1 AERIAL SYSTEM IDENTIFICATION CODE
14 FLIGHT LINE NUMBER
16 RECORD IDENTIFICATION NUMBER
16 GMT TIME OF DAY (HHMMSS)
F8.4 LATITUDE TO FOUR DECIMAL PLACES IN DEGREES
F8.4 LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
F6.1 TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
F7.1 RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY

TO ONE DECIMAL PLACE IN GAMMAS
A8 SURFACE GEOLOGIC MAP UNIT CODE
15 QUALITY FLAG CODES
F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL POTASSIUM

(K-40) TO ONE DECIMAL PLACE IN PERCENT K

F4.1 UNCERTAINTY IN TERRESTRIAL POTASSIUM TO ONE DECIMAL

PLACE IN PERCENT K
F5.1 POTASSIUM STANDARD DEVIATION FROM THE MEAN TO ONE

DECIMAL PLACE AND ALGEBRAICALLY SIGNED

F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL URANIUM
(BI-214) TO ONE DECIMAL PLACE IN PPM EQUIVALENT U

F4.1 UNCERTAINTY IN TERRESTRIAL URANIUM TO OE DECIMAL
PLACE IN PPM EQUIVALENT U

F5.1 URANIUM STANDARD DEVIATION FROM THE MEAN TO ONE
DECIMAL PLACE AND ALGEBRAICALLY SIGNED

F6.1 AVERAGED CONCENTRATION OF TERRESTRIAL THORIUM
(TL-208) TO ONE DECIMAL PLACE IN PPM EQUIVALENT TH

F4.1 UNCERTAINTY IN TERRESTRIAL THORIUM TO ONE DEIMAL
PLACE IN PPM EQUIVALENT TH

Line
Number

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

Character Number
1234567890123456789013456789012345678901234567890123456

7 89 012 3 4 56 7 89012

19

20

21

22

23

24

25

26

27

2E

25

F5.1 THORIUM STANDARD DEVIATION FROM THE MEAN TO ONE
DECIMAL PLACE AND ALGEBRAICALLY SIGNED

F8.1 GROSS GAMMA (0.4-3.0 MEV) COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND

F6.1 UNCERTAINTY IN GROSS GAMMA COUNT RATE TO ONE DECIMAL
PLACE IN COUNTS PER SECOND

F5.1 ATMOSPHERIC BI-214 4PI CORRECTION TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U

F4.1 UNCERTAINTY IN ATMOSPHERIC BI-214 4PI CORRECTION
TO ONE DECIMAL PLACE IN PPM EQUIVALENT U

F6.1 AVERAGED URANIUM-TO-THORIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U PER PPM EQUIVALENT TH

F5.1 URANIUM-TO-THORIUM RATIO STANDARD DEVIATION FROM THE
MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED

F6.1 AVERAGED URANIUM-TO-POTASSIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT U PER PERCENT K

F5.1 URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY SIGNED
SIGNED

8 F6.1 AVERAGED THORIUM-TO-POTASSIUM RATIO TO ONE DECIMAL
PLACE IN PPM EQUIVALENT TH PER PERCENT K

9 F5.1 THORIUM-TO-POTASSIUM RATIO STANDARD DEVIATION FROM
THE MEAN TO ONE DECIMAL PLACE AND ALGEBRAICALLY
SIGNED

2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 49 of the Format Description Block
A4.1, and 1922 characters are produced. The remaining
6078 characters of this block are blanks.

If less than nine aerial systems are used, the space
allocated for additional systems is filled with 9's in
the format specified for each item using I and F fields,
and with zeros for A fields.

Similarly, if fewer than 99 flight lines exist, the
unused flight line information, 13 characters per flight
line, is filled with 9's through the 99th flight line.

3. Statistical Analysis Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 55 through 103 of the
Format Description Block A4.1. One logical record contains
160 characters. There are 50 such logical records per
8000 character physical record or block.

The data appearing in locations specified by lines 68,
74, 80, 86 and 90 of the Format Description Block A4.1
are 9's in the format specified in each case.

AII-7 AII-8
AII-6

Line
Numb

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29



File 2: Statistical Analysis Summary

Block Size (Physical Record): 7000 characters
Logical Record (Data) : 140 characters

1. Format Description Block (Block 1)

The Format Description utilizes 4320 characters. The
remaining 2680 characters are blanks.

Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

1 05 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODE)
2
3 STATISTICAL ANALYSIS SUMMARY TAPE (OR FILE)

Line Lharacter Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

FOR TAPE IDENTIFICATION BLOCK (SECOND BLOCK)

FORMAT DESCRIPTION
A40 QUADRANGLE NAME AS PROJECT IDENTIFICATION
A20 NAME OF SUBCONTRACTOR14 APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
16 NUMBER OF GEOLOGIC MAP UNITS USED FOR THIS

QUADRANGLE

FOR STATISTICAL ANALYSIS SUMMARY DATA RECORD (THIRD THRU LAST

FORMAT
A8
16
16

F6.1

F6.1

A3
16
F6.1

F6.1

A3
16
F6.1

F6.1

DESCRIPTION
SURFACE GEOLOGIC MAP UNIT IDENTIFYING CODE
TOTAL RECORDS FOR GEOLOGIC MAP UNIT
NUMBER OF POTASSIUM RECORDS COMPUTED FOR GEOLOGIC
UNIT
POTASSIUM CONCENTRATION MEAN TO ONE DECIMAL
PLACE IN PERCENT K
POTASSIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PERCENT K
POTASSIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF URANIUM RECORDS COMPUTED FOR GEOLOGIC UNIT
URANIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT U
URANIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U
URANIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF THORIUM RECORDS COMPUTED FOR GEOLOGIC UNIT
THORIUM CONCENTRATION MEAN TO ONE DECIMAL PLACE IN
PPM EQUIVALENT TH
THORIUM CONCENTRATION STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT TH

14
15

16

17

18
19

20

21

22
23

24

25

26

A3

16

F6.1

F6.1

A3
16

F6.1

F6.1

A3
16

F6.1

F6.1

A3

THORIUM CONCENTRATION DISTRIBUTION CODE
NUMBER OF URANIUM-TO-THORIUM RATIO RECORDS COMPUTED
FOR GEOLOGIC UNIT
URANIUM-TO-THORIUM RATIO MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT U PER PPM EQUIVALENT TH
URANIUM-TO-THORIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U PER PPM EQUIVALENT
TH
URANIUM-TO-THORIUM RATIO DISTRIBUTION CODE
NUMBER OF URANIUM-TO-POTASSIUM RATIO RECORDS
COMPUTED FOR GEOLOGIC UNIT
URANIUM-TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT U PER PERCENT K
URANIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT U PER PERCENT K
URANIUM-TO-POTASSIUM RATIO DISTRIBUTION CODE
NUMBER OF THORIUM-TO-POTASSIUM RATIO RECORDS
COMPUTED FOR GEOLOGIC UNIT
THORIUM-TO-POTASSIUM RATIO MEAN TO ONE DECIMAL PLACE
IN PPM EQUIVALENT TH PER PERCENT K
THORIUM-TO-POTASSIUM RATIO STANDARD DEVIATION TO ONE
DECIMAL PLACE IN PPM EQUIVALENT TH PER PERCENT V.
THORIUM-TO-POTASSIUM RATIO DISTRIBUTION COPE

Line Character Number
Number 123456789012345678901234567890123456789012345678901234567890123456789012

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 11 of the Format Description Block
A6.1, and 70 characters are produced. The remaining 6930
characters of this block are blanks.

3. Statistical Analysis Summary Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 18 through 60 of the
Format Description Block A6.1. One logical record con-
tains 140 characters. There are 50 such logical records
per 7000 character physical record or block.

A5. Magnetic Data Tapes

Block Size (Physical Record): 8000 characters
Logical Record (Data) : 80 characters

1. Format Description Block (Block 1)

The Format Description utilizes 3384 characters. The
remaining 4616 characters are blanks. '

04 0978 (DATA TAPE TYPE AND FORMAT SPECIFICATION DATE CODES)

MAGNETIC DATA TAPE

FORMAT

ITEM
1
2
3
4
5
6
7

8

9

10-14

*

*

FOR TAPE

FORMAT
A40
A20
14
13
14
16
13

F8.4

F8.4

(SAME)

*

*

* *

495-499 (SAME)

FORMAT

ITEM
1
2
3
4
5
6
7
8
9
10

11

12

13

IDENTIFICATION BLOCK (SECOND BLOCK)

DESCRIPTION
QUADRANGLE NAME AS PROJECT IDENTIFICATION
NAME OF SUBCONTRACTOR
APPROXIMATE DATE OF SURVEY (MONTH, YEAR)
NUMBER OF FLIGHT LINES ON THIS TAPE
FIRST FLIGHT LINE ON THIS TAPE
FIRST RECORD NUMBER OF FIRST FLIGHT LINE
JULIAN DATE (DAY OF YEAR) FIRST FLIGHT LINE DATA WAS
COLLECTED
LATITUDE OF GROUND BASE STATION TO FOUR DECIMAL
PLACES IN DEGREES FOR FIRST FLIGHT LINE
LONGITUDE OF GROUND BASE STATION TO FOUR DECIMAL
PLACES IN DEGREES FOR FIRST FLIGHT LINE
REPEAT OF ITEMS 5-9 FOR SECOND FLIGHT LINE ON THIS
TAPE

*

*

*

REPEAT OF ITEMS 5-9 FOR 99TH FLIGHT LINE ON THIS
TAPE

FOR MAGNETIC DATA RECORD (THIRD THRU LAST BLOCK)

FORMAT DESCRIPTION
Il AERIAL SYSTEM IDENTIFICATION CODE14 FLIGHT LINE NUMBER16 RECORD IDENTIFICATION NUMBER
16 GMT TIME OF DAY (HHMMSS)
F8.4 LATITUDE TO FOUR DECIMAL PLACES IN DEGREES
F8.4 LONGITUDE TO FOUR DECIMAL PLACES IN DEGREES
F6.1 TERRAIN CLEARANCE TO ONE DECIMAL PLACE IN METERS
F5.1 OUTSIDE AIR PRESSURE TO ONE DECIMAL PLACE IN MMHG
A8 SURFACE GEOLOGIC MAP UNIT CODE
F7.1 TOTAL MAGNETIC FIELD INTENSITY TO ONE DECIMAL PLACE

IN GAMMAS
F7.1 RESIDUAL (IGRF REMOVED) MAGNETIC FIELD INTENSITY

TO ONE DECIMAL PLACE IN GAMMAS
F7.1 DIURNAL MAGNETIC INTENSITY VARIATION TO ONE DECIMAL

PLACE IN GAMMAS
F7.1 MAGNETIC DEPTH-TO-BASEMENT TO ONE DECIMAL PLACE

IN METERS (IF REQUIRED)

AII-9

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

FORMAT

ITEM
1
2
3
4

FORMAT
BLOCK)

ITEM
1
2
3

4

5

6
7
8

9

10
11
12

13

AlI-10 ' All-11



2. Tape Identification Block (Block 2)

The information and format for this block are indicated
in lines 8 through 25 of the Format Description Block
A5.1, and 2938 characters are produced. The remaining
5062 characters of this block are blanks.

If fewer than 99 flight lines exist, the unused flight
line information, 29 characters per flight line, is
filled with 9's through the 99th flight line in the
format indicated.

3. Magnetic Data Blocks

The information and format for the logical records in
these blocks are indicated in lines 31 through 46 of the
Format Description Block A5.1. One logical record contains
80 characters. There are 100 such logical records per
8000 character physical record or block.

If the magnetic depth-to-basement is not required, this
item is expressed as 99999.9.

B. DESCRIPTION OF LISTINGS

Bl. Single record reduced data listings: include the following
information on Microfiche:

ITEM DESCRIPTION

REC Sequential record number
Lat Location Y in latitude
Long Location X in longitude
RMag Residual magnetic field,
Alt Surface altitude
GEO UNIT Geologic Type
AKUT A=Altitude; K=Potassium;

COS
BiAir
GC
T9,
Bi
K
BI:Tt
BI:k
Tz:K
TEMP
BP

B2;. Averaged record data listings:
information on Microfiche:

ITEM

REC
GEO UNIT
AKUT

Long

Lat

RMag
COS
BiAir
GC

ITEM

gammas

U=Uranium
T=Thorium - Results of statistical
adequacy test
Cosmicc/1
Airborne Bi, 4ir data
Gross count, .4 MeV - 2.8 MeV2 08 Tt c/s214 Bi c/s
40K c/s
Ratio
Ratio
Ratio
Outside Air Temperature ( C)
Atmospheric Pressure (In. Hg)

include the following

DESCRIPTION

Sequential Record number
Geologic type
A=Altitude; K=Potassium; U=Uranium;
T=Thorium - Results of statistical
adequacy test

Longitude of X location of geologic
type
latitude of Y location of geologic
type
Residual magnetic field, gammas
Cosmic, 47
Atmospheric Bi, 4r
Gross count, c/s

Rank
Bi
Rank
K
Rank
Bi/Tt
Rank
Bi/K
Rank
Tt/K
Rank

DESCRIPTION

Tt value, c/s
TZ standard deviation rank
Bi value, c/s
Bi standard deviation rank
K value, c/s
K standard deviation rank
Ratio value
Bi/TQ standard deviation rank
Ratio value
Bi/K standard deviation rank
Ratio value
T9/K standard deviation rank

AII-12 All-14AIl-13



t An lI'" 2'
H'r G' U0 ' AM41 . LAT (J G (.1. CoH C GC HI Al A L TA1.) p 'P II, 0 I B"I/IL o1/o- Ti/', 4L l.t ll n11 1 . ,t I, 1, I, 1,' .( rI4C I, 4t1 ,4 1 (11 hA" K

101 ZA )10111 3,0.0194 102.0280 -43.6 48 1241 14.1 4d 27.7 e94.4 3. 7 2.3 0.3 7.1 6.h1 11.22 lu. l ; u11 1 30 .194 12.0280 -43. 418 1281 14.1 3.84+ 0 2.3+ 1
1lU2 (A (1110 30.0194 112.1274 -188.1 12 22 14.1 408 28.9 134. 1.3 -. 3 1 0.0 1.041 5.59 112 / , 110 J.1'144 12.'"/

7
4 -164.1 12 22 14.1 '.3- 7 -0.- 2

1103 74A uloO 30.194 102.0268 -165.1 b0 152 14.1 409 29.0 08b.3 2.1 S.4 0. 2.57 44.11 11.14 1u 7/11 00010 ( 31.0194 12.28 -145.3 u 159 14.1 2.1- 1 5.4+ 3
10"-4 71'4 Oul0 30.0193 102.0262 -165.3 46 1773 14.1 4h6 29." 89.4 2.1 S., 4.4 2.60 14.411 '.56140' y.. 001'1 3.1193 1'I).2 -165.1 41, 1773 11 2.4- ) 4.5+ 2
16t5' Z'A 1u 3).)193 102.075 -165.1 47 1850 14.1 41'?29.01 87.3 3.4 6., 0.1 1.78 53.3 2.92 15 4. '4A 110 7 31.01'43 1).56 -lo'1.( 41 185) 14.1 2.- 0 5.14 2
1000 /A 0 01) 30.0193 12.4250 -1,5.1 49 1811 14.1 42 29.11 H.3 2.7 4.6 0.5 1.73 1.48 4.921 11'' , l00 1 3.193 2102.0250 -15.1 49 1811 14.1 2."- 0 5.4+ 3
lol Z'L A 010 10.0193 102.0244 -167.9 S 5 1P42 14.1 390 2".0 9'.4 1.5 4.1 0.4 1.35 11.32 8.3 1 1Z A 1)0011 1.193 12.01244 -182.9 56 18X2 14.1 3.1- 0 S.3+ 3
10 Z"A 0001) 30.0193 1,2.0238 -168.b 43 1952 14.1 384 79.1 911.4 2.0 .9 4.) 3.51 14.99 4.2/ 1147 /"A 1 00 3.4193 112.1238 -1 8.n 43 1452 14.1 3.- 0 5.4+ I
I4(9 Z"A 0100 30.0192 102.0232 -166.9 Sb 1 oH 14.1 3/6 29.1 1

89
4.4 3.9 4.8 0.5 1.23 ,.n2 7.84112 M 4 )19I1 I40.0192 112.0232 -1hh.0 55 1168 14.1 4.+ 5.2+ 2

1ll' ?1A 01),00 30.10192 102.622 -161.2 51 21143 14.1 375 29.2 884.3 5. 4 4. 1 0.3 J.41 10.55 13.19 1111 L1. 014 .1 4.192 1'7."226 -11h.) 1 2143 14.1 4.+ 0 5.+4 2
lull 2"A 0100 311.11192 102.0221 -159.1 33 1957 14.1 374 2.9 688.11 5.1.5.0 0.9 1.,'8 5.44 5.43 1111 ZA 111,0 1.1192 12.1221 -159.1 33 1957 14.1 4.9+ . 4.8+ 2

l2 ' 1' 1110 30.9192 102.0215 -15.7 34 1922 14.1 37 29.0 89.9 5.2 4.7 ).4 0.91 12.55 11.72 1012 A' 04' 3.10192 112.1215 -15X.7 39 122 14.1 5.'+ 'a 4.1+ 2
'lol3 "A '0001 30.0192 102.0209 -157.5 38 2051 14.1 .77 24.1 '.4 5.4 3.8 41.71 ).71 5.14 7.24 1'13 i."A 000' 40.4192 1"2.1209 -157.5 38 2051 14.1 4.9+ " 4.+ 2
7.14 Z.A 0000 30.1191 12.0203 -15.0 52 2247 14.1 382 29.0 649.4 4.5 '.3 .n 1.19 8.45 7.44 1"14 zo 010 3a.)1.,1 12.00 -5-. 52 2247 14.1 4.1+ U 4.7. 2
115 Z'A4 0004) 30.0191 1u2.)197 -156.0 47 2097 14.1 35 29.06449.4 4.1 4.7 0.8 1.17 5.73 4.91 1115 2..A 00(11 11.0191 11)2.1197 -1 st.' 47 297 14.1 4.1+ 1 4.7+ 2
141 7.4.A 0000 30.0191 102.0191 -154.5 41 2'1 12 14.1 388 29.() 0.4.9 4.9 4.0 0.4 1 0.412 1.25 8.89 1"1 2: 0'0 3.0191 11112.191 -154.5 48 2)12 14.1 4.7+ ' 4.94 2
11, ZAA 000 30.U191 102.0165 -152.8 53 2230 14.1 347 29.0 149.9 4.1 6.1 4,.h 1.51 7.62 5.03 1011 7..A '4 01,11 ) 30.0191 1'2.0185 -152,8 53 2230 14.1 4.1.+ 5.3+ 3
118 '/ A 141(01 3430.0191 102.01/9 -152.3 47 214/ 14.1 40) 29.0 o18.8 5. 4.5 1 u.7 0.81 .23 7.73 11 7A 1041.1 ,1.11191 1"2.'179 -152.3 41 2141 14.1 5..+ 1) 5.8+ 3
1'19 .NA 000 30.190 1(2.0173 -151.0 43 2422 14.1 417 29.0 187.3 S.2 o.5 '.6 I.1" 11.82 9.40 119 7A 'J)O 34.1190 102.1173 -15." 43 2422 14.1 5.1+ 0 0.24 3

1021' Z'A 00(0 30.0190 102.0117 -154.8 47 2417 14.1 404 28.9 0n8.H 4.1 1.3 ".5 1.54 14.9 4.71 1))(1 21 1)'N 3) . 1 0 10/. 1 b7 -15".8 41 2477 14.1 5.+ 1 b.b+ 4
1021 Z.A (U00)1 30.0190 102.11n1 -151.1 34 268 14.1 404 29.0 o-4.8 .2 6.9 .1 1.12 9.92 8.87 121 1, 194(' 34.1191 102.011 -151.1 34 20bH 14.1 5.3+ 1 7.1+ 4
122 ZA 00(0 30.0190 102.0155 -149.3 11 2546 14.1 341 29.0 "91.4 5.' 7.' ".1 1.44 10.81, 7.0 122 2 A 0,11 40.0190 102.0155 -144.3 bi 254 14.1 5.0+ 0 7.4+ 4
1023 (ZA 0000 34.(190 1172.0149 -154.H 58 2812 14.1 317 29.0 q81.4 4.9 7.1 ".o 1.45 12.89 8.89 1 J0z3 Z. 11'1n) 30.10 1) 7. 1449 -15".' 58 212 14.1 4.8+ ' 7.4+ 5
1024 '.1A 0000 31.1)189 102.0144 -14.8 39 2647 14.1 359 29.0 87.3 4.5 9.0 ".3 2.02 2.(.3 12.91 1024 1.'-. >' "u,1 34.18 102.)144 -14.8 39 284/ 14.1 4.5+ )0 8.34 5
1(;25 ZAA 00(11, 34.0189 112.0138 -146.4 56 29" 14.1 3o1 28.9 "49.9 2.7 9.9 -. 2 3.73 42.24 11.33 1,/5 1 + A 1011 , 30.1840 1".'138 -14.4 58 2o40 14.1 4.2+ ' 8.3+ 5
1)'iO ZA (000 30.1849 112.0132 -144.9 57 2809 14.1 364 28.8 8.3 5.9 9.1 0. 1.55 14.39 9.29 1 LA j0l 14.01 8'] 112.0132 -144.9 57 201 14.1 4.1+ 0 7.9+ 5
102 1 2 0014 30.0189 112.0126 -144.9 44 2531 14.1 368 28.14 088.8 3.8 5. '4.h 1.55 9.8 8.18 1/ .A ''10.4 on 0.1,144 1"2."12 -144.9 44 253 14.1 4.3+ 0 1.0+ 4
1048 21A 001)0 30.01$8 1412.0120 -143.1 54 2574 29.0 361 28. 888.3 1.5 5.8 '.4 1.b7 1.51 3.911 1 004, 1 .10188 1'02.11120 -143.1 54 254 1 29.0 4.4+ o.3+ 3
1029 Z.A '000 30.0188 102.0)114 -142.2 51 2402 29.0 358 28.8 690.4 4.9 5.3 1.1 1.) 4.16 4.29 1'> /9 A 41111) 30."1" 1).114 -142.2 51 24o7 29.1 4.4+ 0 5.b+ 3
1011 ZA 1400 30.1188 102.0108 -141.9 Sb 2415 29.0 353 28.4 689.9 5. 5.1 I.6 0.1 1.01 8.5 1(t.7 ,. 0610 3".018 112.0104 141.9 "4 2415 79.0 4.4+ 0 5.2+ 2
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.FFFFFFFFFF1F GGG HHNN I 111111 111 JJJ JJ 11 NH GGGG GGGGGC.GGGGGcGGcGGGGGGGG CGoCGGGGCG GG GGG CCGG .G0G.G FF' EE T) E DD CC B FIBF N RB ANAA 11 c f n.+..FFF FFFFFFFF GGG N HN III! + JJJ 11111 +1 + i ] JJJ JJ 11 HH G+GG GGcGG ,GG GGGGGGGGGGGGH + F HHNFCGG G CCC CCG CGGC FFFF Fn0 .cc BB N FIBBB BAA bN CD.FIIHHHHHH GGGG+GGGGGGGGGGGGGGGF

.. FFFFFF GG HH II JJJJ JJJ 1111 HHH II JJJ J IIHH GGG GGGGGGGGGGGGG HHHHHHHHGGGGGGG.GGGGGGGGGGGGGG FFF E. DD CC NBXNBBBPRB AAA lb CC DDD
, .... FFFFF FfF GGG NPIP itII JJJill NHHHHHHHH Ill JJJJJJJJJ 11 H GGCGGGGGGGG6GGGGGGGGGGGfGGGGGG.GGGGG HHHHHH H II HHhHHGGGG.CGGGGGGGGGGGGGGG FFFFFF EE D CCC BBRRAANBBB B CC DD.... FFFFFFFFFF GG H H 11113 JIJHHHJHHHHHHH III JJJJJJJJJ ITHGGGGGGGGGGGGGG GGGGGGGHHHHJJJJJJ1I HHhJIGGGGGGGGGGGGGGGG FFFFFJEEJODDJCCC BBB.BB1B BBBB CC

... FFFFFFFFF GGG HHH IIII JFITIFIIIIII FHHHHHHHHHHHHH 1Ti JJJJJJJJJJ I HH CGGGGGGG0 GG( G GGGGGG Hh i llN111111 T1NIHXHH GGGGGGG GCGGG FFFFF EE DD CCCC R BBB cBBBc oCCCn
GG -FFFFFFF GGG HIH 11111 IIIIT II NNHHHHHHHHHHH III JJJJJJJJJJ TIN G GGGGGGGGGG C GGGGGG HHFI I 1IFIII I HHHH1 GG GGGGG FFFFFF FE DD CCCC FNBFI BBBBB CCCc

.. GGPFHFFFFF GGG HH Ill!1 1111 NNNIHNHHHHHHHHHHHHHHNH I 1 JJJJJJJJTJJJ i HHHH G GGGGG GGGGG NHH 1 111111 HHH GGGGGGG FFFFF FEE DD CCCCC CFB CCC n c
.. GG FFFFF 0NGGG H II11111 1 IIIII HHHNNHNNNHHHHHHHNI IT JJJJ JJJJ II HHHH NNGGGGGGG CGGGGG XHFIN TII Tl NXIFH GGGGGG FFFFFF FEE DOD ccCCCCC[C IFIFICN C CCF B ccc D D

.. I H GG GG GG G H HH II I III NNIN1HHHHHHHHHHHHHHHHH 1 JJ J JJJ II HHHHHH GGGGGGGGGGGGG HHI 11111 III HHHHGGGG FFFFFF EEE DDD CCCCCCCCCCCCCCCCC C ccDDDDc
NJ II HH GGG GGGGG FHHHN 1111I IIIIII T HH NHHHHHHHHHII N I JJJ JJJJ I III hH HHH GGGGHHNHH 11 HII HHHHHH GGG FFFFFF FEE DDD cccccccc 0cccL DDD

. .I FI G G 1HHH IIIIII FN1111 HHHN HHHHHHHHH III JJ JJJJ III IhIH.NN NHHHNHNN HFH HH III 1111 HHHHHHHHGGGGG FFFF EEE oDnD I)TDDD DDD EEEEFEEE DDD)
.... I INN GH HHH 11111 111111 HHHHHHHHHHHHHHIII JJJ JJJJJ III nNFNNNHHHNHHHHHHN H HHHHHH 1111 11111 HHHH NNNHH GGGG FFF FEFE. ODDDDDIDDDEFEEE E EE D

. .I.. NHNNHH HHNNHF 11111 NNNHHHHHNHHHHHHHH III JJ JJJJJJ 1[11 NHHHHNHhHHHHHhHHHHHH 1111 111111 HHNHHHHHHN GGGG FFFF EEFE DD0DD D ED EEEE EFFFFF EEl DD
... .III H H 1111 JJJJJN IIIIII H NHHHHHHHHHBHHH IT JJ JJJJi 1111 NNNHH NHHNHHHH 1Ti 111111 HHHHHHHHHH GCGCG FFFF EE DDD EEEEE FFF FF EF DOD

.... TIll 1111 JJJJJJJJJJJJJJJJ III NHHHHHHHHHHHHHHI111 JJJ JJJ III NHHHHH T11 1111171FNFHHH NHHHHHH GGGGGGGFF1' EFEF EEFFEEE FFF FE 00D
. IIIIII 11111 JJJJJJJJJJJJJJJJJJJJ 1111 HHHHHHHHHHHHH III JJJ JJJ 111 11111 111NII HHHHHHHHHHHHHHHH GGG FFF EEEEEEEEE FFFF GGGGGGG IF EE D

.. IIIIII III JJJJJ JJJJJJJJJJ IIIT HHNHHHHIHHHNHHHHHH H III JJJ JJJ IIJ 1 1 u l111111V III NHHHHHHHHHHHHHHHHHHN IGG F FFF EEEE F FFFFFF G GGG GGGf FF F 0
. ...I...J II I JJJJJJ JJJJJJj 111 HHHNHHHHHH HHHHHHHH NHHHHHHHHH III JJJ JJJ III i1 J111111 11111 HHHHHHH HH NHHHHHHH GGG FFF F FFFFFFF 'GFF GG G I EF

.... 1111 JJJJJJ JJJJJJJJ II1 HHHHHH HHH NHHHHHHHHHHHHHHHHHH III IHIHH HHN Nll1J1JJJ JJ III 1111I IIJ III 11 HHHHHHH HHHHHH GGG FFFF FFFFFFFFF GGG H GG FE E

.... JJ JJJJJJJ JJJJJJJJ I1111111I IHNFH HHHHH IHHHHHNN N NN III JJJJJ J 111 NHHH HJH4HTHHHHHHTH 111T111111111111 HHHHH NNHHHHH GGG F FFFFFFFFFF FFF GGG H GG FF EE

.... JJJ JJJJJJJJJJJJJJJ IIIIIIIIIIII HHHH HHHN N I111I JJJJJJJJJJJJJJ I NNH NNHHHHHNHHHHHHHNHHHHH HIIHIIIIIIIIII HHNHHH HHHHNHN GGG FFFFFFFFFFFFF GGG GGG FF EE
.... JJJJ JJJJJJJJJJJJJJJ IIIIIIIIIIIIII NNIHHN NINF 1 1 II lHNNH NNNFNHHHNHHNHN111HNHNFINHHNHHHHHHHHFNHHHHHHHHHHNHHHHHHHHH CGG FFFF GGGG GG FF FE

.. .JJJJJJ JJJJJJJJJJJJJJ 1I131 Ii INN GGGGGGCGGGGGG G GGG FINFINH 111111 1111 NiFIHF HINHHNFIHHI FIHHHHIFHHHHHFIFI NIHHHHINFFHHH CGG CGGGG GG FE EEE

.... JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ INII HHHH GGCGGGGGGGGGGGGGGGGGGGGGGGGGGG HHHHH T IITIIIIIIII NN N NHNHHHNHHNN N HHHHHHHHHHHHHHHH NNHHHNHHNHH GGG GGGGGG GG FFF EE
.... JJJJJJJJJJJJJJJJJJJJJJJJJJJJJ III HHH GGGGGGGGGGGGGGGCGGGGGGGGGGGCGGGGGGGGGG HHHHH H1111111NNNHHHHNHHHH HNHHHHHHHHHH HHHHHHHHH HHHNHHN HHH GGGG GGG GGGGGG GGG F E
... JJJJJJJJJJJJJJJJJJJJJJJJJJJJ 1111 FHHHH H GGGGGGNGGGGGGGG GGGGGCG HNNH HHHHH HHNHHHHHHHNHHNHHNN HHHHHHH HHHNNHHHHHH GGGC GGGGGGG GGGGGGG GGG FFF E
.... JJJJJJJJJJJJJJJJJJJJJJJJ III NH HHHHH GGGGGG GGGGCGGGGNNNN HHXHNNHN GGCG(GG NNFHHHHNHHHHHHHHNHHNNN H G FFFXHGGF 000 0 CGGGGGGGGGGGG GGG FFF
.... JJJJ JJJJJJJJJJJJJJ 11111 NFHNHHNH GGGGG GGGGGGGG HHHNHHNHH GGG C(GGGGGcGGGNHHHH0HHHHHHHHHH GGGGG FFFFF C G00 GGGGG CC

..... JJJ JJJJJJJJJJJJJ IIIIII HHHHHHH GGGG GGGGGGGGG H GGGGGGGGGGGGGGGGGG HHHHHHHHHHHHH GGGGG FFFFFFF GGGGG GGGGGG GG F
.... JJJ JJJJJJJJJJJJ 1111 HHHH HHHHHH 0000 GGGGGGGGG GGGGC1.GGCCGGGGGGGGGCGGGGGGXGHHHHHNHH GGGGGG FFF1'F GGGG GGGGGG GG F

.. JJJ JJJJJJJJJJJJ 11111 HNHNFNHNNNHHHNHHF 0G0 FFF GGGGGGGGG GGGCGGGGGCGGGGGGGGGGCGGGGGGGGGGGGGGGGGGG GGGGHHGGG GHGGGGGGG FF'F GGGG GGGGG GGG F
.... JJ JJJJJJJJJJJ IIII HHHHHH HNHHHNH GGGG FFFFFFF GGGGGGGGG GGGGfGGGGGGGGGGGGG[[GGGG GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGGGGGG FFF GGGGG GGGGG FF
.... 0 iddJJJJJJJJJ1I HHHHH GGGG0 FFFFFFF GGGGGG HHHHHHH G0G0NGGGGNGGNGGGGGG CGGGGGGGGGGGGGOGGGGGGGGGG GGGGGGGGG GGGGGG GGGG FFFF
... " . J JJJJJJJJJ I i HHHHH G GGGG FFFFFFF GGG. HHHHHHHHHHHHNHHH GGCGGGGC3CGGGG CGGGGGGGG GGGG GGGCGGGGGGGGGGGGCGGGOGCGCGGGGG 0GG0GG GGGG EF FE

JJJJJJJJ 1111 + HNHHH GGGG + FFFFFFFF GGGG HHHHHHHHHHH+hHHHHHHHHH GGCGGGGGGCCG +FFFFFFFFF GGGGCCGGGCGGGGGGGGGGG+GGGGGGGGGGGGGGGGGG + GGGGGGG GGGG FE EE+
JJJJJ JJJJJJJJJ I11 HHNH GGGC FFFFFF GGGG C HHHHHHHHHHHHHHHHHHHHHNN GGGGGGGGGG FFFFFFFFFFFFF GGGGGGGGGGGGGGGGGGGGGGGG GCCCOO 00000 0000 FlFEEEJii i1JiJJJ ]III NNFH 00H GGGG FFFFFFFF GGG HHHHNHHHHHNHHH HHHHHHHH H GGGGGGG FFFFFFEFFFFFFFF GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGG GGGG F EEE

....iJJJJiJJJJJJJJJ 111FNI HHHHHH GGGG FFFFFFFF GGGG HHHNNHHHHHHHHHNH HHNHHH GGGGG FF'FFFIFFFFFFFFF GGGGGGGGGGGGGGGGGGGGGGGGGGG GGGGG GGGG F FEEJ JJJJ iJJJJJJJJJJ 1 IIIIIIl HHHHHHH GGGG FFFFFFFFFFF00NF GGG HHh FHHHHHHHH F.H GGGG FFFFFFFF F FFFF GGGGGGG GGGGG GGCGGGGGGGG GGGG FF FEE
i i i iIJJJJJJN JJJJJJJJJJJIINTI000 HHHHHHHHH GGGGG FFFFFFFFFFFFFF GG IN HHHHHHNH 111111 HH GGG FFFFFF FFFFFFFF GGGG HHNH GGGG GGCGGCGGGGGGGGGGGGGG FF

JJJJJJJJJJJJJJJJJJJJ ITIII H H0HHHH GGGGG FFFFFFFFFFFFFFF GGG H HHHHHHHHH 11111 111 INHH 0 FFFF FFFFFFFFFFFF GGG HHHN HHHHHH GGG GGGGGGGGGG GGGGGGGGGG FFFF
.... JJJJJJJJJJJJJJJJJJJ 111NIFHHHHMHH GGGG FCFFCFFFFFFFFFFFF GGG H N I NHHHHHHH III 11 HH GG FFFFF FFFFFFFFFF F .FGGGNHHHHHNNHHH GGG GGGGGGGGG GGGGGGGGGGGGG FFFF...J NJJJJJJJJJJJJJJJJJJJJ IIIII HHHHHHH GGGG FFFFFFFFFFFFFFFFF GG HN II INHHHHHHH III III H C H GG FFFF EE FFIFFFFFFFFFF GGG HHHH HHHH GGG GGGGGGGG GGGGGGGGGGGGGO FFFFFI

JidJJiJJJiJiiJdJdiJ 1111 FIHHHHIH 0000 FFFFFFIFFFFFIFF1FFF GGG FIN HHHHFIFH III II FIN GG FFF EEFEE FFFIFFF'F GO FIN IN GGG F1FFFF GGGGGGGG GCGGGGGGGGGGGGGGGGGG FIFF
JJ.J Jd 1311 FNFINTl HHHHH H GGGG FFFFFFFFFFFFFFFFFFF GGCGP HH HHHHHH INIF11FF III Hh GG FFF1 EEEFFEGE FF11' CG FINN I FIN GG FFFFFFFFFF 0GGGGG GGGGGGGG GGGGGGGGGGG FF
JJd JJJidi) III HHNH GGGGG FFFFFFFFF FFFFFFFF GGGG HHHHIHHHHH III1 III N G FF EEFFEFFFEFFEEIFFI FF FFF G HH 1111111 H GG FFF FFFFFF GGGGGGGCCGG F GGGGGGGGGGGG I

.i.... JJJJJJ i 11FJJJJJ INN GGGG FFFFFFFFF FFFFFFFF GCOCOG HNNNH IIII 111 A GG FFFF EFEFFFEEEFF.1EEEF.h FEF FFF G FIN 111111 N G FFF FFFFF GGG0GGGGGGGG F1 GGGGGGGGGGGGG

..... JJJJJJ JJJJJJJJJJJJ III HH H GGGG FFFFFFFFPF F FFFFFFFF GGGGGGGGG HHHNHH 1111 II1]1] N G G FFFF EEEEEEEEE EE FEEE.EEEEEE FF F G HH 11111 H GG FFF FFFFF GGGGGGGGG FFFFFF GGGGG GGGGGGGGGi N....GFJJJJJ JJF FFJJJJJJJJ 111 HHHH GGGG FFFFFFFC1FFFFFFFF GG OCOGGGGG HHHH IHC 1111 H GG FFFF EEEE E EEEFEFEEE E FF C NH 11111 N C FITFFFFFFFFF GGGGG G FFFFF GGGGG 10000 GGGGGG
JJJJJJJ JiJJiJJJJJJJJJ I FIN CCHHFGGG FFFFFFFFFFFFFFF GGGGCGG H FHHHHI IIIIIIIIIIII N 0GG0 FFFF FEEEEEEE. Fl GO FIN FIN G FF FFFF GOGGG FFFFFFF 000GGGGGGGGGGG

... . JJJJJJJJJJJJJJJJJJ JJJJJJJ III )HHH GGGG FFFFFFFF'FFFF GF GGGGG GG GGGGGG GGG HH HHHHPHGG GGGIPFFF FFF FFFFFFFF GG HHHHHHHHHHHGG FFFFFF FFF FFFFFFF'FF FFFFF GGGGG GGGGG(G. .iJ J J J JJJJJJJJJJJJJJJJJ III NN H GGG FFFFFFF1'FFFFF CGGG GGGG CG GGGN INH1 GGG F EF F CFFFCFFFFFNFFFFIGG G NNG GG FFFFFFFFF FFFFFFFFFFFFFFFF GGGGG GGGGGG
J.JJd dJJJJJJJJJ JJdJiT I I HN H GGGG FFFFFF F ' OGGGG HO 0 0GGGGGGGGGGGGG H HHFHFHHH G GGGG IFF F FF FF FF Ft FFFF GG GGGG F FFFFFFFFFFFFFFFFFFFFFFFFFFF 0GGG0GG G GGG

JdJJJ JJGJJJ JJdJF III HHH GGG FFFFFFF GCG GGGGGGGGG000C GG NH HFHF 0GGGG FFFF FFFF FFFF FFF1' GGGGGGGGGG FFFFFFFFFFFFFFF'FFFFFFF1'F F GGG 0GG00
JJJJJJJ JdJF III NFI 000 GG FFF GGG GGGGGGGGGGGGGG 0G FFFF FFF E FFFFF FFF1' GGGGGGGGG FF FFFFFFFFFFFFF GG00GGGGGGGGG

J.JJJJJ JJJJdii I NH GCG FFFF GGG1 H GGGGGG GGGGGGG0 0 F FF EF FF FFFFF FFEF FFFFFFFFFFF F1FF FFGGGGGGGGG(GC
Jd dJJJ II HH GGGGF FFFFF 0000 GGGGGG CGGGGGGGGGGGGGG FFFFFFI EFFE FFFF E FFFF FFFFF H GGGGHGGG FFFFFFFF FFFFFFFFF GGGCCGGGGGGG.

JJJ II N CGGG FEFF GGGGGGGGG FFFFFFFFFFF FGGGGGGGGFFG'FGGFFIF1'FFF1G COOGNHC)GGOC G FFFFFFFFFFFFFFFF 000F000GG0G
JJJ II CH GGG F G0G ,GGGGG FFIEFFFF FFFF FFFFFF FEFEEEEEEE FFFFFFF FF1 GG GGGGGGG FFFFFF1FFFFFFFFFFFFF 00GGGGG

JJ II H CCH GGG GCFFGGGGG GGGGGG CCCFFFFFFFFFFFFFFFFFFFFFFFFFIFFFFFFF FF FF FFFF FFEEFEEFEE FFF FF' GG HHHIHH111 GGGGGGGG FFFFFF FFFFFFFFFFFFFFF GGGGGGG
JII II FHN GGG 00CGGGGG GGGG FFFFFFFFFF FFFFFFFFFFFFFFFFFFIFF FFFFF FEFFFEEFE EEEF IFF C NHH HHJNJ GGGGGG 1FFFFFFFFFFFFFFFFFF GGGGG

JJJJJ II GCG GGCGGGG GGGGG FFFFFFFFFFFFFFFFFFFFFFFFFEFF FFFFFFFFFFF FEEEFEFEEEEEEEFE FF G H TI FIN0HHH G FFFFGG FFFFFFFFFFFFFFF GGGGG
.JJ JJJ III FIN GGG GGGGGGGGG GGGGGG FF1FIFFFFIFFFFFIFFFFFFFFFFFF1 FF FFFFFF FF EF. EEFEEEEE FF F GG N II Il NHHH 0GGG FFFFFFF'FFFFFI GGGGG

.... JdiJJ JJ 1111 FIN G0GG0GGGGGGGGGG GGGGG FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF FFFFFFFFFF EFFFFt. EEF:EEEEEEE FF 0 N I JJ J II FIHH CGGGG FFFFFFFFF GGGGGJuddJ diii 1131 HINHH GGGGG GGGGGG GGGGGGG FFFFFFFFFFFFFFFFFFF11FFFFFFFF IFFFFFFF EFFEF.EEEEEEFEEE F 0GN i d II HHHHI 0000 FFF1F1FFEFF 0GGGG
dd1JJJJJJ11JJJJJ 11HH HHH GGGGGGGGGGGGG GGGGGG FFFFFFFFFF FFFFFFFF FFFFFFFFFFFF EEEEEEEEIEE I E E F G HI J J Il HHHH GGGGF0 FFFFFFFF 000CCG

idiJdiJ JuJd 1III NHINN GGGGGGGGGGGGGG GGGGGG EFFFFF1'F FFFFFFFFF1FF FIIFEEE:FEEEEFIFEFFFFFEE FF C I JJ J IT HIN CGG FFFFF'1FF GGGOG

diJJJJJJJJJJJJJJJJJJJJ JJJJJ III NHHHHH GGGGGGGGG HHGG H 0G FFFFFFIF FFFFFFFFFFFF EEEVEIEEFEF E0IFFFEFEE F G H I JJ J TI NNHH CGGG FF F F1FFFF 00000
,, 1+ J JJJJJJJJJJJJJJJJJJJ IIdI HNHHH G.GGG G HHHHNHHN GGGG FFFFFF Fl:EFF:FFFF +fFF1FFF+FFFFEFFFF EEFEE:EEFFEE EEFEE F GC H I ITII N GGGG FFFFFFFF FFF GGGGGGG.C

.... MI J J111+ NHHHNF GGGGGGGGG HNHHNHNHN+ GGGG FFFF EFEEEEEIEE:FFEIFFEEFFFE:Fll +FFFIFFF FFI FFFF EEEEFF EEEFEEFEFF C N 111iI CG FFFFFFFFFFFFFF GGGGGGGGGG
...V IIII 1 11711 HHHHH GGGGG HHHHHXHHH CGG FFFF ,EFF EEEEEFEEEP EE FFFF hFE EEE , e> FFFF F FF FF FFFFFF F ,EEtEE EE E EELEE F G H 111HH GG FFFFFFFFFFFFFFF GGGGGGGGGGG

... 11111111 111111 HNFH HHHH 0 NHFI HHHH GC FFF FEF FF EEFFF E1.EFFFFFFEF FPE1E FFFFFFFFFF IF FF FF EEEEEE EEEE F C N NN G FFFF1' FFFFFFFFF GGGGG GIIIIIIIIXI 111111 HHNFIFINHH FHHEI FHFH GGG FFFF FEI:E EEEE FEEEIEEFFF FEIF7FErGG FFHFFFFFFFF FFFFF FFFFFFFF EEEE EE F' CC FI HFII GGG FFFFF FFFFFFF GGGGIIIIIIIIIIIITII IFIIIIII HNHHN HHHMHHGGGNFNFI 0C FFF EFEFE ELEE EFEFFFFI: EEEIlFF t.EfEF 1t. FF IFFFFFFFFFFFFFFFFFFFFFF FFFFFF EEF FE F GG FNFFN 00H0H GGG FFFF FFFFFF GGGIIIIIIlII TJ1 1I IIII[I[I II HNNH GG FFFF EFEEF EEEEEFEk FV EIFFFEFE ;FFFFFFE FFFFIFFFFFFF FFFFFFFIFFFFFFFFFFF FEE 4lIEE FF GGG GGGGG FFFF FFF FFF GG HNHHHHN
fI IIIIIIITII111II dIIIIIIIIIIIIiII NHHN GG FFF EEEFEF FE FIEE EFEEFEEEF.EEEEEEEEF FIFFIEFFFFFFFFFFFFFFFFFFFFFF FFFFF EEF DDUDDD FEE FF GGGGG FFFF FEEFEF FFFFFF GG FH HHIII.TIII1IIIIIII JJJJJJJdddJidJJIIII FI O1GG FF FFEEEEEIEFFEF F1FFEEEEEF4FIl .FFLFFt.l FFIEFFFFFFFFFFFFFFFFFFFFFFFF FFF F47 ) I( D Dn EEE FFFF FFFF EEEEFFFEF FFFFFF G H 111 IIIII ITIII II JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ 111 NHNF CG FFF FFEE1EFEEEIEEFEEEF FE EEE EEEFFEEEE FF 1'FFLEFFFFFFFFFFFFFFFFFFFFFFF FFF EE OD30DDDDD FEE FFFFFFFFFFFF EEEEEEFEFE FFFFF C h III HI1I111111 JJJJJJJJJJJJJJJJJJJJJJd dJJJJJJJJJJ 11di dH GGG FFF FFFEFEEEFEEEEFFEFF EFFF FEEIEEFF.F FFFF EF FF FF1FFFF] I FFFFFFF F FF FE IDFDDDDflDD1)0lDD FEE FFFFFFFF EEFFEEFFFFFFF FFFFFF G F I HI

IIIIIII dJJJJJJJJJJJJJJJJJH I H C FF1 FEFFFFF :E FFFFFFEFFFFE.FFEEFEt.E FFFEFFFFFFEFIFIFIF F GG G FFFEEE 01))DODDfifO EFFE FEFFE FEFE E FFFF G H I I
111II[ JJJJJJJJJJJJ JJJ II N GG FF FFFFFFFE EFEEEFFEEEFFEFFF . TF F Fl FFI FFFFFF FFEFFIFFF G0G0G0CCFF FEEE DDODD)DnDDlnD EEFE FEFEFEEEEFEEEE FFF G HH HHI

111 idIIIII11 IFJJJJJJJJJJINJJ CCHH G FFF EFFEF:F EIEF EF FEF E FFF IFFFFIFFFFFFFFFF F CCCC0GGGGGGGGGG FF El IDDD1ODDDDDDt FEEEEFF EEEF:EEF FEEFF FFFF G HHHHH HHH
111111 JJJJJJJJJ JJ II HH G FF1 EFEFFEEF YFEFEEEFEEFE 1IEFIFF FFEFFFFFFFF'F GGGGG GGG FF F DDDO DT0 FEFFFEEFF FFEEEEE EEEEEE FFF GG .HHHH
IIIII I JJJJJJJJJ JJ II HN CC FFFF FEFEFF EE EE E'F.FEEF khIF F E F FFFFFFF'FFFF 00GG 0G GGG F IFn DDflT)DODI)nDDDDDfn EEEFEFEEEEEEFEEEEFFE FEFFE FFF GG HIIIIIII JJJJJJJ JJ IidHdGC. iF TEH G EFFFfFF EEFFF:EE F.FIt F EFFFFFFFFFFFFFF GGC GG FF E E D nD0fiD0 JDDn1DD EFFFEEEEFEEEEEEEE FEEE F FF GFF G G
dIIIIII JJJJJJJJJ JJ I H G FFF E.EE IE f FE EEEEFhEF F4fIhf.h EE.FF FFFFFFFFFF CGGGG GG FF FE D D3DD DDDODDD D EEEEEEEEEEEEFFEEE FEEE FF GGGC

N IIIII JJJJJJJJJ iJ II N CO FFFF FEFEFFIF :EEEE EF F I FF II FE FFF FFFFFF GGG000G FF IFEE 0f3D1fDD 001 F EFFFE E IFEEFFIEE FF GGGGGGHX 1 11111 iddJJJJJJJJJ JJ I H GGG FFFF EF:IFFIFF fEEEFEEIEEt.h F FFFF FF FFFF F4I II FF GGGGGG FF1' EFEEEF. EF E, DUD DDO EEFF: EEEEEEFEEE FF CGGG
.. NH II III JJJJJJJJJJJJJ JJJ I II FH GGG FFFFF FIFEEE FFF EF F FFFFFFFF FFIFF'FFFF FFFIFF EEE )0DDDDD DDDI> E EEEFEFFEFEEEEE FF G
H I11111 i iJJJJJJJJJJJJJJJ JJ IT IN G FFFFF IF FIF EFEI F F F I l 411EEEFF EE FF IFFFF FFFFF FFFFFFF F FEE DUDDDDD EE E E FEFEFEEEE FEEE FF I

.... NNH l1111 JJJJJJJJJJJJJJJJJ )JJJJJ HH G II FIH CGG FFFF FF.EE FFFtFEEEE FFFFFFFFFF FFFFFFE FF ' F FFFiFFFFF FFF EFF [(DD F FFFE EIFEFE EFE FF1'
,,NHH 111111 d d didJJJJJJJJJJJJJJJJJJJJdddiddidddFF III HHH GG FFFFF IF FEE: F F FF11FFF FE F F F'FFFFhF F IF F FF F FFFFE FFFFFFF GGGGGC FE FF1' EFE EFFE EEEG EF FF F

. HNHN I1IIIII I T I I NHH GGG FFFF f .E I .F1F FEEF r F F F F F'F FF FFF F F iFFFt FFFF FFFFFFF FFFFFFFFFFFFCFFF GGG GGG FF FFFF FFF.E EEEEE F 1FI t FFF
. HHFI NNN IIIIIITI IIlIII III7J INN GGGG FEFF El FME(FF FEFIFFF:FEE FE1'IFFI'FFF1FFFFFFFEFFFFF FFFFFFEFFiFFFFFFFFFIF FFFF G HHHHH G FF EEEEFEEEEF.FFEFE EEEEl F F F

... HHHNNNH] I IIIII II TIIII I3111 FIFNHIN 00GG FFFF IllE? EFEE F1FFFFFFFFFFF FFFFGFFGFFFFFFFFFFFFFFFFFFFFIFFF FF F IFF F EE EF C FI FCH GG FF EFE E EEFE FEE IEEE F" HHHHH NNI II I I 1 I I I I I I I II 111 ]]HNHHHHH GGGGG FF FF F ' E, EE EF FF FFFt FFF FF &EFFFFF F FF F F F F IFIIFI EEEE FF G H I I I H 0GG FFFFF F;F EEEEFF EfFEE]FFI I... HHNH HHlH 1111111111111111111H NHHHNFHIN 00000 FFF FEkEEE F lI FFFY YF FFF FF1FFFFFFF FEIFIFFFF 1FFF IF1F FFFEF.IF F G H Ifll O H GG FFFFFFF Ef;FFEFEEEE FEEE F E.kEF
.. HH.NHN[I l DIIII JIIIII)III HHNHHHH NHH 0GGGGGC FFFFF' E FF FFF' FFF FFI.FFFFtFFFFF 4FFF FEFFFFFFFFFFF FFFEEFEEIF C FF G H Nit II H GG FF FFFF EFEEFEEF EEEE FIFFFF hEf.F

NHHHHHHH1 IIIIIFHH NHIH IF CGGGGGG FFFFFFF F FE EFF FF GGGGG, FFfFFFFFF F E:FFF FFEEFEF F GG N IIIII NH GG FFF EEEE EEEEEEEEEFEF FFFFFF EFFF
,IHHNHHNCH HHNHHNHHH GGGGGG FFFFFFFF FFE FF.E FF GGGGGGGG:; IFFF 'IFFFEFEEF .T. F 0 FI 1 FIN 00GGGG F FFEE FEEEEEFEEEEE E FFFFFFFIFFHHHHNN NHHNNHHHH GGGGG FFFFFFFFFF EEE F 11' F CC GG FF FFFrIFFFFEFFFFFFF FF GG I H C GGGG F EEEEEEEFEEEEEE FFFFFFFF

.N .F........................... IF 0 GGGG, .................................. EEEE FF G.G .......................................... IF F FIF EFFEEF F FGF'GC.. ................................................................ F
HNHNHHN GGGGGGGGG...................................... . F.I FE FF GG HHN.......................................... FF 1FFF.FF E FF G ................................................................

+.......................... HHHHHN GGGGGGGGGGGGG...................................... FF F FF G CG NHHN H..........................................FFFIF FFFE F C ...............................................................
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..............D ............... 4...

...... cccmccccc~cccccccccccccc...
CCcCCccccccccccccccCcc...

CCCCCCCCCCCCCCCCCCCCC...
HBH CCCCCCCCCCCCCCCCCC ...

FHbNHIH.FIB CCCCCCCCCCCCCC ...
RNBAbBbBBB CCCCCCCCCCCCCC ...

RIHIBHBBHB CCCCCCCCCCCCC ..
55RNIFB NBHB C CCCCCCCCCC ...

FbIFRIINF RICNN CCCCCCCCCC ...
IBFBBRRHN NBB CCCCCCCCC ...

NI5BFFHBIF IBINF CCCCCCCC
5IN5555 NAFI CCCCCCCC ...
8145148 HBN CCCCCCCCC...

C RBB 84 H CCCCCCCCCCCC...
C 5BH NN NB CCCCCCCCCCC...
C 8BPF AAA 88 CCCCCCCCCCCC...
'C 55h AAAAAA BR CCCCCCCCCCCC'...C FIFINF ANNAAA FIN CCCCCCcc ..
CC BFbF AAAAA B CCCCCCC ...
CC BBB NA FB CCCC
CC BRB A BR 8...

CC BIFI44B B 8FI...
CC '8FIB BBRBB 8BBBRB8...

CC BB BRBB BFFBIIN...
'CCC BBB BRBRBRBB
CCC 88 BBBBBBRPB
CCCC' RRS BRBBH
CCC BBB BHIF B ...

CCC FIBAFI FINFIFN .
T0 CC BBBBFIF FIFIIF 8,..D CC FSRRB IBRRRIRB...
0 CC BBBBBAF R NFIF F NN+..

D CC BBBBROBI BBBBB B...
CCC B44 985 84AF BBBI .
CCC BBBBBFBBBI FIFIFIS..
CCC BB HBSFBRIABBBBB...
CCC FBNBNRFBBBBBNBB CC ...
CCC BBHBBBBBBBBB CCC ..
CCC NBBBBBBBBBB CCCCC...
CCC BBFBBBBBBB...
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